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BACKGROUND 

[0001 1 1. F ield of the Invention 

[fOflft4-[- [[0002] The present invention relates generally to compositions for chemical-mechanical 
planarization, and more particularly to compositions for chemical-mechanical planarization of 
substrates ([-]Hnoble-metal-featured substrates [-]H) having surface features comprising noble 
metals, noble metal alloys, noble metal oxides, and combinations thereof, associated methods, 
and substrates produced by such methods. 

[000.1] 2. Description of Related Art 

[|flq02] 4[0004] Chemical-Mechanical Planarization (also referred to as Chemical-Mechanical 
Polishing), or CMP, is commonly used in the manufacture of semiconductor devices and denotes 
the process of removing material and forming a substantially planar surface before additional 
layers are deposited and/or additional patterning of the layers occurs. CMP processes have been 
extensively studied for use in semiconductor fabrication and constitute integral steps in many 
practical production environments. However, CMP of metals has been studied most extensively 
in connection with metals such as tungsten, copper, aluminum, tantalum, among others, as well 
as oxides, nitrides and alloys thereof[— ] See, for example, Chemical Mechanical Planarization of 
Microelectronic Materials, by J. M. Steigerwald, S. P. Murarka and R. J. Gutmann (John Wiley 
& Sons 1997), especially Chapters 5[— ] = 8. In contrast, CMP of noble metals, including alloys 
and oxides thereof, is much less well studied. The term [-]^noble metals[-]^ typically refers to 
less reactive metals such as gold, silver, platinum, iridium and other elements typically found in 
or near Group VIII of the periodic table. 

[ffl0aaf- f[00051 Interest in noble metals, and the alloys and oxides thereof, is increasing as such 
materials are useful as electrode and barrier materials in the fabrication of some electronic 
devices such as Gigabit f[4£ 9 ) 10.sup.9 bit) DRAMs (dynamic random access memories) and 
FeRAMs (ferroelectric random access memories). Worldwide efforts are underway to 



commercialize high dielectric constant and ferroelectric thin films for use in capacitive elements 
as would be applied, for example, in advanced DRAMs and FeRAMs. High dielectric constant 
materials such as BaSrTiOiSutuS (BST) can be used for forming capacitor dielectrics in 
submicron integrated circuits (e. g. in DRAM storage capacitors, coupling capacitors in general 
circuits, among other uses). Additionally, ferroelectric materials such as PbZrTi0 4 suh*3 (PZT) 
and SrB Lsuh.2 Ti.suh.2Q.sub.9 that can store charge for extended periods of time can be 
employed in the fabrication of non- volatile FeRAM memory elements. The chemical properties 
of these (and other) high dielectric constant and ferroelectric materials typically require that they 
be used in conjunction with noble metals, noble metal oxides and/or noble metal alloys 
(including Pt, Ir, IrO .sub. 2. among others). Examples of the use of high dielectric constant 
and/or ferroelectric materials in semiconductor fabrication and in conjunction with noble metals, 
noble metal alloys, and noble metal oxides, can be found in the following U.S. [ Pat e nts: ]BmL= 
Nos. 5,318,927; 5,527,423; 5,976,928; 6,169,305, and references cited therein. 

[|ftft04j- j[0006| Conventional patterning of noble metals, noble metal alloys, and noble metal 
oxides includes the use of dry etching processes. However, dry etching has several 
disadvantages including unfavorable taper angle, fence formation, and a tendency to produce 
residual particles leading to contamination. Some of these disadvantages of conventional dry 
etching are due to the predominantly physical rather than chemical mechanism for material 
removal. Physical removal of material is prone to the formation of unwanted structures at the 
edges of the structures, such as electrodes, being etched. 

SUMMARY 

[jflQQj ^[0007] The present invention provides compositions and processes for the chemical- 
mechanical planarization or polishing (CMP) of substrates having at least one surface feature or 
layer comprising a noble metal, a noble metal alloy, and/or a noble metal oxide, or any 
combination thereof (sometimes referred to herein as noble metal features or the like). Suitable 
noble metals, noble metal alloys, and/or noble metal oxides include metals from Group VIII of 
the periodic table and include in particular, Pt, Ir and IrO^suh.2. Many of the noble-metal- 
containing substrate features contemplated are on the order of from about 300 Angstroms (A) to 
about 1000 A thick. The compositions and processes of the present invention are suitable for use 
in applications such as the polishing of these featured substrate surfaces at desirable polishing 
rates using standard CMP equipment. In such applications, a suitable polishing rate may be from 
about 300 [ Angr,tromfl ] Angstromns per minute (A/min) to about 2000 A/min, merely by way of 
example. 

[ftt0tt6f- }[0008] A s used herein, the chemical-mechanical planarization or polishing of a substrate 
having a metal feature or layer on its surface refers to the polishing of the substrate surface until 
the metal feature or layer is substantially coplanar with surrounding material, such as surrounding 
dielectric material, on the substrate. That is, the polishing of the metal-featured substrate 
continues until any metal excess is sufficiently removed to provide a substantially uniform 
profile across the substrate surface. By way of example, suitable surface uniformity (typically 
measured using known wafer profiling techniques) is reflected by wafer-within- wafer non- 
uniformity (WWNU) values of less than about 12%, preferably from about 4% to about 6%, or 
wafer-to-wafer non-uniformity (WTWNU) values of less than about 5%, preferably about 3%. 
Typically, each fabrication lab has acceptable uniformity values for each CMP process it uses, 



and generally prefers lower WWNU values or WTWNU values that indicate greater surface 
uniformity. 

[{Q0ft3f} [00091 Preferably, the selectivity of the CMP composition used in this planarization or 
polishing process is high (at least greater than 1 : 1 ) in terms of the removal of metal relative to the 
removal of surrounding material or dielectric, where suitable selectivity ranges or values depend 
very much on the type of surrounding material or dielectric. By way of example, suitable 
selectivity ratios (i.e., removal of metal to removal of surrounding material or dielectric) may be 
on the order of 100:1 for tetraethoxysilane (TEOS) and 20:1 for boron phosphorous silicate glass 
(BPSG), though suitable ratios may be higher or lower than these particular ratios. 

[{Mft&j-f fOOlQI Qnce the metal feature is substantially coplanar with surrounding material on the 
substrate surface, further polishing may take place. Preferably, the selectivity ratio of the CMP 
composition used in this further polishing process is close to 1:1, such that dishing and erosion of 
the metal feature and the surrounding material is avoided or minimized. Typically, each 
fabrication lab has standards of acceptable dishing and erosion for the polished wafers (typically 
measured using wafer profiling techniques), and generally prefers lower levels of dishing and 
erosion that indicate greater surface quality. 

[{M09]- }[0011] A n exemplary embodiment of the present invention is a composition for 
chemical-mechanical planarization that comprises periodic acid and an abrasive, wherein the 
periodic acid and the abrasive are present in a combined amount that is sufficient to planarize a 
substrate surface having at least one feature or layer thereon comprising a noble metal, a noble 
metal alloy, a noble metal oxide, or any combination thereof. In an embodiment of the 
composition of the present invention, the periodic acid is present in an amount in a range of from 
about 0.05 to about 0.3 moles / kilogram, or preferably, from about 0.075 to about 0.175 
moles/kilogram, and the abrasive is present in an amount in a range of from about 0.2 to about 6 
weight percent, or preferably, from about 0.2 to about 4 weight percent. 

[fflft4flj 4[00121 The abrasive component of the composition may be an abrasive material having 
a Mohs hardness number of greater than about 6.5. For example, the abrasive may be one or 
more of alumina, silica, zirconia, spinel, zirconium nitride, and carbide. In an embodiment of the 
composition of the invention, the abrasive comprises alumina. By way of example, the alumina 
may be an alpha-alumina, a gamma-alumina, or a combination thereof. 

[|4MH4f }[00131 i n other embodiments, the composition or slurry comprises a pH-adjusting agent 
or titration agent in an amount sufficient to cause the pH level of the slurry to be in a desirable 
range. In various embodiments the pH range is from about pH 5 to about pH 10, preferably, 
from about pH 7 to about pH 9, or from about pH 1 to about pH 4, preferably from about pH 2 to 
about pH 3. Suitable pH-adjusting agents include one or more of a quaternary amine and an 
inorganic base, such as tetramethylammonium hydroxide, ammonium hydroxide, potassium 
hydroxide, and sodium hydroxide. In still another embodiment, the composition further 
comprises a suspension agent, which is preferably a surfactant. 

[{0ft44f| [0014] A n exemplary embodiment of a method of the present invention for planarizing a 
substrate surface having at least one feature or layer thereon comprising at least one noble metal, 
noble metal alloy, or noble metal oxide, or any combination thereof. The method comprises 



providing a composition or slurry comprising periodic acid and an abrasive present in a 
combined amount that is sufficient to planarize the substrate surface, and polishing the surface 
with the slurry. In an embodiment of the method, the periodic acid is present in an amount in a 
range of from about 0.05 to about 0.3 moles/kilogram, or preferably, from about 0.075 to about 
0.175 moles/kilogram, and the abrasive is present in an amount in a range of from about 0.2 to 
about 6 weight percent, or preferably, from about 0.2 to about 4 weight percent. In another 
embodiment of the method of the invention, the abrasive comprises an abrasive material 
discussed above, for example, alumina, whether alpha-alumina, gamma-alumina, or a 
combination thereof. In other embodiments, the slurry comprises a pH-adjusting agent or 
titration agent, also as described above, such that the pH level of the slurry is in a desirable range. 

[{4MH4}- }[0015] Use of the compositions and processes of the present invention may reduce, 
minimize or eliminate imperfections, defects, corrosion, recession and/or erosion that might 
otherwise appear on the substrate surfaces. Merely by way of example, the compositions and 
processes of the present invention may be used to meet objectives such as providing metal- 
featured substrates, such as Ir-- or Ir0 4 suh i 2-featured substrates, that have a surface roughness of 
less than about 4 A and that are substantially corrosion-free, or providing metal-featured 
substrates that have dishing and erosion values of much less than 1000 A, such as less than about 
500A, for example, about 300A. 

[{M44f- }[0016] The present invention further encompasses a substrate produced by the methods 
disclosed herein. According to various embodiments of the invention, the substrate is 
substantially planar following chemical-mechanical polishing, has a WWNU of less than about 
12%, and/or has a WTWNU of less than about 5%. 

DETAILED DESCRIPTION 

[fOft^4 4[0017] Compositions, associated methods, and substrates produced by such methods, 
according to the present invention are set forth in this description. In the examples set forth 
below, all numerical values and ranges are approximate unless explicitly stated otherwise. 

[0018] I r Polishing Compositions 

iflfliaLComposition A 

[f0ftl6}- |[00201 A polishing composition (such as [^Composition Ap]H) useful for polishing 
iridium pursuant to some embodiments of the present invention is comprised of an abrasive 
(typically an alumina) and periodic acid (H^sut^ IO^&uh^) in aqueous solution (advantageously 
in distilled or di-ionized water, referred to collectively herein as ["]HDI[-]H water). Periodic acid 
is capable of participating in a fairly complex group of chemical reactions. Periodic acid is a 
rather weak acid ([K a ^§ 1 * 10 ] K.s M h.a.apprxeqkl.times.l0.suD. -5^ and a strong oxidizing 
agent under acidic conditions r[E e ^]E.degree.=l .6 V). Depending on the pH of the medium 
containing periodic acid, different reactive species can be called into play including 
H.sub. 5IO.sub,6. H.sup.+. H,siih.4IO H .suh.6.sup.-. IO R .suh.4.siip.-. H.fiuk310r6].sub.6.sup.- 
2. During the short contact time in typical CMP processing, the primary periodic acid reaction is 
thought to be that represented below in Equation 1 (Eq. 1). 



[ [0017] ] Rsuh. 5IO .sub. 6 + 2e 4 &ue a - +2H^U04+ = HlO^&nk^ + 3H.siih.20 

Eq. 1. 

[fflftlS}- }[0021] The reaction represented in Equation 1 is believed to be the primary CMP 
reaction involving periodic acid, although additional or different reactions may participate within 
the scope of the present invention. 

[|0ft4^j [00221 Various CMP compositions are described herein in terms of the reactants and 
other chemical components that are mixed or otherwise combined to form the desired CMP 
slurry. However, it is recognized that a complex set of chemical processes typically follows 
blending of the CMP components that may destroy or alter, entirely or in part, one or more of the 
blended components. The CMP solutions comprising some embodiments of the present 
invention are described herein in terms of the blended components, with the understanding that 
the chemical composition (or range of compositions) of the resulting CMP slurry is the necessary 
result of chemical processes occurring between and among the blended components under the 
conditions specified. Thus, descriptions herein of the components blended to form a CMP slurry 
are intended to encompass the chemical species resulting from such blending under the condition 
(or set of conditions) specified. 

[{ftQ2ftf 4[0023] One example of component concentrations for Composition A is shown in the 
following Table I. 

[0024] Composition A Component Concentration 

ffabtell TABLE I[H Typical Composition A Compone nt Component Concentration 
Alumina Ahra sive 2 weight % T'wt %'M Periodic Acid 0.1 mol/1 kg DT Water Remaining 
weight amou nt to obtain final desired amount of Composition A 



[Component] 


[Component Concentration] 


[Alumina Abrasive ] 


[2 weight % ("wt%")] 


[Periodic Acid] 


[0.1 mol/1 kg] 


[DI Water] 


[Remaining weight amount to 
obtain final desired amount of 


Composition A] 



[|flaaif- [[0025) Thus, for example, a 10 kilogram mixture of Composition A may be prepared by 
combining 200 grams of an alumina (whether alpha-, gamma-, or a combination of alpha- and 
gamma-alumina) abrasive, 1 mole of periodic acid and the remaining of amount DI water. One 
form of alpha-alumina abrasive advantageously used in connection with some compositions 
herein is the commercial product [-]HCR-30[-]H manufactured by Baikowski Chimie Co. of 



Annacey Cedex 9, France. Other sources of alpha-alumina, as well as sources of gamma- 
alumina or alpha- and gamma-alumina, may also be utilized. 

[0026] p H Ranges 

p033|_ j[0027] Composition A typically has a pH range from about 1 to about 2.5, and favorably 

(in terms of performance), a pH of about 1 .5. 

|flfl2fiLPreparation 

[|Q02£}-} [0029] Generally. Composition A is prepared by adding the alumina abrasive (such as 
CR-30) to a container of DI water and subsequently adding the periodic acid (^^5^510^1^6). 
The composition is typically stirred continuously within the container during at least the time of 

the preparation of the composition. 

[0030] CMP Process 

[{M24f 4[00311 A typical example of the mixing ratio, process, pH and removal rate associated 
with Composition A is set forth in Table A, in which "A/min" denotes Angstroms ([WJilL&iiB*- 
10 meter) of material removed per minute of processing. 

[0032] Mixing Ratio, Process, pH and Removal Rate 

[ Table A ] 



[ Mixing Ratio ] [ Process ] [pH] [ Ir Removal 

Rate (A/min) ] 

[ 2 wt % Alpha Alumina Abrasive] [ 1/0/50/51/150 ] [4-rS— 
[ 0.1 mol/1 kg Periodic Acid ] 2S] 
\ Dl Wat e r ] 

2TABLE A Tr Remova l Rate Mixing Ratio Process pH (A/minl 2 wt % Alnha-Alumina 
4/0/50/51/150 1.5-2.5 288 Abrasive 0.1 mol/1 kg Periodic Acid DT Water 

[{ftQ35f |[0033] in the example of Table A, the CMP process was carried out using an IPEC 472 
polisher and employing a down force pressure of 4 psi, a back pressure of 0 psi, a table speed of 
50 rpm, a carrier speed of 5 1 rpm, and a composition flow rate of 1 50 ml/min. A stacked pad of 
IC-1000 over a Suba IV was used as the polishing pad on the primary platen of the polisher, and 
a Polytex pad was used as the buff pad on the secondary platen of the polisher. Composition A 

was stirred thoroughly before and during its use. 

[|M24f- [[0034] When employed according to the process of Table A, Composition A provided 
an Ir removal rate of approximately 288 Angstroms per minute. Additionally, Composition A 

provided an Ir removal rate of approximately 375 Angstroms per minute when carried out 
according to the above-described process (as set forth in Table A) with one variation, namely, 



applying a higher down force pressure of 6 psi. Furthermore, Composition A provided an Ir 
removal rate of approximately 400 Angstroms per minute when carried out according to the 
process set forth in Table A with one variation, namely, applying a higher table speed of 70 rpm. 
Generally, high removal rates (in terms of the material targeted for removal) are preferred. 

[0035] Ir Polishing Compositions Including Titration with TMAH 

[00361 Composition B 

[fQQ27] 4[0037] Other Ir polishing compositions (such as [-^Composition B[-]H) pursuant to 
some embodiments of the present invention comprise an alumina abrasive (alpha-, gamma-, or 
both), periodic acid (Hjuh^SIO^ah^e), DI water, and a pH-adjusting agent, or a base, typically 

tetramethylammonium hydroxide (TMAH). One example of component concentrations for 

Composition B is shown in Table II. 

[0038] Composition B Component Concentration 



[ Table II: Typical Composition B l 



[ Component ] 



[ Component Concentration ] 



[ Alpha Alumina Abrasive ] 



[ Periodic Acid ] 



[ 0.1 mol/kg ] 



[ DI Water ] 



[ Remaining weight amount to 
obtain final desir e d amount of 
Composition B ] 



[T e tramethylammonium Hydroxide 
(TMAH) ] 



[ Titrate with TMAH to a pH of 
approximat e ly b e twe e n 6 and 7 ] 



HABLE II Typical Comnosition B Component Comnonent Concentration Alnha- Alumina 
Ahrasive 2 wt % Periodic Acid 0.1 mol/kg DI Water Remaining weight amount to obtain 
final desired amount o f Composition B Tetramethylammonium Hydroxide Titrate with 
TMAH to a pH of fTM AFH approximately between 6 and 7 

[fQ03&f }[0039] B v way of example, a 10 kilogram mixture of Composition B may be prepared 
by combining 200 grams of an alumina abrasive, 1 mole of periodic acid and the remaining 
amount of DI water. This mixture is then titrated with the titration agent TMAH to obtain a final 

pH of about 6 to about 7. 

[0040] p H Ranges 

[fflft3»}- }[0041] Composition B typically has a pH range from about 6 to about 7 and, 
advantageously (in terms of performance), a pH of about 7. 

.yHMZLPreparation 

[fM30J 4[00431 Generally. Composition B is prepared by adding the alumina abrasive to a 
container of DI water and subsequently adding the periodic acid (H^&uLS I(X&iik6) . This 
mixture is then titrated with TMAH to obtain a final pH value of about 6 to about 7. 
Composition B is advantageously continuously stirred within the container during at least the 

period of composition preparation. 

[0044] CMP Process 

[{OOMHIflMSLAn example of the mixing ratio, process, pH and removal rate associated with 

Composition B is set forth in Table B. 

[0046] M ixing Ratio, Process, pH and Removal Rate 



[ Table B l 



[ Mixing Ratio ] [Prewss] [pft] [ Ir Removal 

(A/min)] 

[ 2 wt % Alpha Alumina [ 1/0/50/51/150 ] [6-?] [^] 

Abrasive ] 

[ 0.1 mol/1 kg P e riodic Acid ] 
[ DI Water ] 

[Titrate with TM AH to a pH of 
approximately 7 ] 



4TABLE B Tr Removal Mixing Ratio Process pH Rate (A/mm^ 2 wt % Alnha- Alumina 
Abrasive 4/0/50/51 /I 50 6-7 325 0.1 mol/1 kg Periodic Acid DI Water Titrate with TMAH to 

a pH of approximately 7 

[ftM&2f 4[0047] i n the example of Table B 5 the CMP process was carried out using an IPEC 472 
polisher and employing a down force pressure of 4 psi, a back pressure of 0 psi, a table speed of 
50 rpm, a carrier speed 51 rpm, and a composition flow rate of 150 ml/min. A stacked pad of IC- 
1000 over a Suba IV was used as the polishing pad on the primary platen, and a Polytex pad was 
used as the buff pad on the secondary platen. Composition B was stirred thoroughly before and 

during its use. 

[fftO^f 4[00481 When employed according to the above-described process, Composition B 
provided an Ir removal rate of approximately 325 Angstroms per minute. 

[0049] Ir Polishing Compositions Including Titration with NR&ub 4 40H 

[0050] Composition C 

[{0034HIM5JJ=Other Ir polishing compositions (such as [^Composition C[-]H) pursuant to 
some embodiments of the present invention are comprised of an alumina (alpha-, gamma-, or 
both) abrasive, periodic acid (H 4 suh i 5IO a &iib i 6), DI water, and a pH-adjusting agent or a base, 
such as ammonium hydroxide fN H.sub. 4QHy One example of component concentrations for 

Composition C is shown below in Table III. 

[0052] Composition C Component Concentration 



[ Table III: Typical Composition C I 



[Component] 


[Component Concentration] 


[Alpha- Alumina Abrasive ] 


[2 wt %] 



[ P e riodic Acid ] [ 0.1 mol/1 kg ] 

[ DI Wat e r ] [ Remaining w e ight amount to 

'Z obtain final desired amount of 

'// I ,'' v , •'' . ;: f : . Composition C ] . 



[Ammonium Hydroxide (Ni UOH)] [ Titrate with NH 4 OH to a pH of 

approximat e ly 7 ] 



START F. ni Typical Composition C Component Com ponent Concentration Alpha- 
Alumina Abrasive 2 wt % P eriodic Acid 0.1 mol/1 kg DT Water Remaining weight amount 
to obtain final desired amount of Composition C Ammonium Hydroxide fNH.suh.4QH) 
Titrate with NH.suh.4QH to a nH of approximately 7 

[}Ofl3S}- }[0053] Bv way of example, 200 grams of an alumina abrasive, 1 mole of periodic acid 
and the remaining amount of DI water may be combined to provide a 10 kilogram mixture of 
Composition C. This mixture is then titrated with titration agent NHiSub*40H to obtain a final 

pH of about 6 to about 7. 

[0054] p H Ranges 

[{0036}-} [0055] Composition C typically has a pH range from about 6 to about 7 and a favorable 

pH of about 7. 

[0056) P reparation 

[}OftW}- }[00571 Generally. Composition C is prepared by adding the alumina abrasive (such as 
CR-30) to a container of DI water and subsequently adding the periodic acid (H 1 suk»5I0 4 siib a 6). 
This mixture is then titrated with the titration agent NH^shI^OH to obtain a final pH value of 
about 7. Composition C is advantageously stirred continuously within the container during at 

least the period of composition preparation. 

[0058] CMP Process. 

[{QQ3&]- [|00591 A n example of the mixing ratio, process, pH, removal rate and selectivity 
associated with Composition C is set forth in Table C. 

[00601 M ixing Ratio, Process, pH, Removal Rate, and Selectivity 



[ Table C I 





Rem ova 


[lr;TEOS 


[Mixing Ratio] [Pfeeess] \m 


\- Selectivity] 




Rate 

(A/min); 


1 ■ 


[2 wt % Alpha Alumina [5/0/90/50/150] [6-^7-] 
Aoraoivej 




w 


[0.1 mol/1 kg Periodic Acid] 






[Remaining % DI Water] 






[Titrate with NH4OH to a pH of 
approximately 7] | | 






6TART.F C Ir Removal Rate IrrTEOS Mixing Ratio Process pH 1 




jlectivity 2 wt %. 



Alpha- Alumina 5/0790/ 6-7 360 1.8-1 Ahra sive SO/150 0.1 mnl/1 Up Periodic Acid Remaining 
% T)I Water Titrate with NH.snh.4QH to a pH of approximately 7 

[faoa» H[0061| T n the example of Table C, the CMP process was carried out using an IPEC 472 
polisher and employing a down force pressure of 5 psi, a back pressure of 0 psi, a table speed of 
90 rpm, a carrier speed 50 rpm, and a composition flow rate of 150 ml/min. A stacked pad of IC- 
1000 over a Suba IV was used as the polishing pad on the primary platen, and a Polytex pad was 
used as the buff pad on the secondary platen. Composition C was stirred thoroughly before and 

during its use. 

[|Oft40f 4|00621 When employed according to the process of Table C, Composition C provided 
an Ir removal rate of approximately 360 Angstroms per minute. The Ir removal rates were 

compared with tetraethoxysilane (TEOS) removal rates, yielding a InTEOS selectivity of 1.8:1. 
Generally speaking, high selectivity ratios (in terms of the material targeted for removal to 

another material) are preferred. 

[0063] Composition D 

[fqO444- [[00641 A ccording to some embodiments of the present invention, other Ir polishing 
compositions (such as "Composition D") are comprised of an alumina (alpha-, gamma-, or both) 

abrasive, periodic acid ffl.suh. SIO.sub.ei DI water and a pH-adjusting agent or base such as 
ammonium hydroxide rN H.suh. 4QHV Illustrative component concentrations for Composition D 

are shown in the following Table IV. 



[0065] Composition D Component Concentration 



[ Table IV; Typical Composition D l 



[Component] 


[Component Concentration] 


[Alpha Alumina Abrasive ] 


[3-svt%] 


[Periodic Acid] 


[0.1 mol/1 kg] 


[DI Water] 


[Remaining weight amount to 
obtain final desired amount of 
Composition D] 


[Ammonium Hydroxide (NH4OH)] 


[Titrate with NH4OH to a pH of 
approximately 3] 



7TAM.F TV Tvnical Composition D Component Component Concentration Alpha- 
Alumina Abra sive 2 wt % Periodic Acid 0.1 mol/1 kg Dl Water Remaining weight amount 
to ohtain fin al desired amount nf Composition D Ammonium Hydroxide (NH.sub.4QrD 
Titrate with NH.siih.4QH to a pH of approximately 3 

[{004^ (0066] Bv way of example, 200 grams of alumina abrasive, 1 mole of periodic acid and 

the remaining amount DI water may be combined to provide a 1 0 kilogram mixture of 
Composition D. This mixture is then titrated with titration agent NH 4 syJi i 40H to obtain a final 

pH of about 3. 

[00671 p H Ranges 

[fM43f }[QQ6'81 Composition D typically has a pH range from about 2 to about 4 and a favorable 

pH value of about 3. 

[0069| P reparation 

[|Ofl44f 4[0fl70| Generally. Composition D is prepared by adding the alumina abrasive (such as 
CR-30) to a container of DI water and subsequently adding the periodic acid (H 1 sul2i5I0 1 sub Jl 6). 

This mixture is then titrated with NH 4 aat»40H to obtain a final pH value of about 3. 
Composition D is favorably continuously stirred within the container during at least the time of 

composition preparation. 

|PJ7JJ,CMP Process 

[fQQ45f 4 , [00721 One example of the mixing ratio, process, pH, removal rate and [fr]lfi:TEOS 
selectivity associated with Composition D is set forth in Table D. 

[0073] Mixing Ratio, Process, pH, Removal Rate and Selectivity 



t Toblc D l 



[ Mixing Ratio ] 



[Preeess] 



[ Ir R e moval 
Rate 
(A/min) ] 



[ lr:TEOS 
Selectivity ] 



[ 2 wt % Alpha Alumina 
Abrasiv e] 



[ 5/0/90/50/15 
0] 



[3-4] 



[330] 



[ OA mol/1 kg P e riodic Acid ] 

[ Remaining % DI Wat e r ] 

[Titrate with NH 4 OH to a pH of 
approximately 3] 



STABLE D Tr Removal Ra te TrrTEOS Mixing Ratio Process pH (A/mm) Selectivity 2 wt % 
Alpha- Alumina 5/0/90/50/ 3-4 320 1:L5 Abrasive 150 0.1 mol/1 kp Periodic Acid Remaining 
% m Water Titrate with NrLsuh.4QH to a nH of approximately 3 

[{0046 H[00741 In the example set forth in Table D, the CMP process was carried out using an 
IPEC 472 polisher and employing a down force pressure of 5 psi, a back pressure of 0 psi 5 a table 
speed of 90 rpm, a carrier speed 50 rpm, and a composition flow rate of 150 ml/min. A stacked 
pad of IC- 1000 over a Suba IV was used as the polishing pad on the primary platen, and a 
Polytex pad was used as the buff pad on the secondary platen. Composition D was stirred 

thoroughly before and during its use. 

[|M4?f }[0075] When employed according to the above-described process (as set forth in Table 
D), Composition D provided an Ir removal rate of approximately 320 Angstroms per minute. 
The Ir removal rates were compared with tetraethoxysilane (TEOS) removal rates, yielding a 

[fr]IR:TEOS selectivity of 1 : 1 .5. 



[|flO4&] 4[0077) other examples of Ir polishing compositions pursuant to some embodiments of 

the present invention comprise one or more agents for making an improved suspension. 
Typically such suspension-improving agents (hereinafter, [-]Hsuspension agents[-]H) include 

abrasives. 



[0076] I r Polishing Compositions including Suspension Agents 



[0078] Composition E 



[fQ04» 4[0079] F or example, some such Ir polishing compositions (such as ["^Composition 
E["]H) comprise the components of Composition D and a second abrasive as a suspension agent. 

By way of example, in some such Ir polishing compositions the second abrasive may be 
Alumina-C as a 15% suspension. Alumina-C is a product, Aluminumoxid C (CAS# 1344-28-1), 
of Deguss-Huls AG, which is used to keep the slurry in suspension for a suitable, and preferably 
long period. One example of component concentrations for Composition E is set forth in Table 

V. 

[00801 Composition E Component Concentration 

M»k V; Tvpieal Compo s itio n-El 
9TART.E V Tvp iral Composition E Component Component Concentration AInha-Alumina 
Abrasive 2 wt % Periodic Acid 0.1 m ol/1 kg PI Water Remaining weight amount to obtain 
final desired amount o f Composition E Ammonium Hydroxide (NH.suh.40tin Titrate with 
NH.siih.4QH to a pH of approximately 3 Alumina-C (15% susnensionl 0.9 wt % 

[ Component ] [ Component Concentration] 



[ Alpha Alumina Abrasiv e ] [ 2 wt %] 

[Periodic Acid] [ 0.1 mol/1 kg ] 

[ DI Wat e r ] [ R e maining weight amount to 

obtain final desired amount of 
Composition E ] 



[ Ammonium Hydroxid e (NH4 OH)] 



[ Titrate with NH 4 OH to a pH of 
approximat e ly 3 ] 



[0081] pH Ranges 

[ [0050] | (0082| Composition E typically has a pH range from about 2 to about 4 and, 
advantageously, a pH of about 3. 

JM82LPreparation 

[fQQSl}- }[0084] Generally. Composition E is prepared by adding the alpha-alumina abrasive 
(such as CR-30) to a container of DI water and subsequently adding the periodic acid 
ffl.suh. 51Q .siih. 6V This mixture is then titrated with NH 4 silb s 40H to obtain a final pH value of 
about 3. Finally, the second abrasive is added. Continuous stirring is maintained during at least 
the period of composition preparation. 



[f0052HIMMLAn example of the mixing ratio, process, pH, removal rate and selectivity 
associated with Composition E is set forth in Table E. 

f00871 M ixing Ratio, Process, pH, Removal Rate, and Selectivity 



[0085] CMP Process 



[ Tab le El 



[ Mixing Ratio ] 



[Pfeeess] 



[h=- [ InTEOS 
Removal Selectivity ] 



Rtrte- 
(A/min) ] 



[ 2 wt % Alpha Alumina 
Abrasiv e] 



[5/0/90/50/150 
] 



[3-4] 



[240] 



[4^2] 



[ 0.1 mol/1 kg P e riodic Acid ] 



[Remaining, 



„%DI Water] 



[Titrate with NH4OH to a pH of 
approximat e ly 3 ] 

[ 0.9 wt % Second Abrasive (e.g., 
Alumina C)] 



10TABI JS E Removal Rate Ir:TEOS Mixing Ratio Process nH (A/min) Selectivity 2 wt 

% Alpha- Alumina 5/0/90/ 3-4 260 1:2.2 Abrasive 50/150 0.1 mol/1 kg Periodic Acid 
Remaining % PI Water Titrate with NH.suh.4QH to a pH of annroximatelv 3 0.9 wt % 

Second Abrasive (e.g.. Alumina-O 

[fflfl53f }[0088] In the example set forth in Table E, the CMP process was carried out using an 
IPEC 472 polisher and employing a down force pressure of 5 psi, a back pressure of 0 psi, a table 
speed of 90 rpm, a carrier speed of 50 rpm, and a composition flow rate of 150 ml/min. A 
stacked pad of IC- 1000 over a Suba IV was used as polishing pad on the primary platen, and a 
Polytex pad was used as the buff pad on the secondary platen. Composition E was stirred 

thoroughly before and during its use. 

[fQn^4]- i|oo89i When employed according to the process of Table E, Composition E provided an 
Ir removal rate of approximately 260 Angstroms per minute. The Ir removal rates were 
compared with tetraethoxysilane (TEOS) removal rates, yielding a [h=]IB:TEOS selectivity of 

1:2.2. 

[0090) Composition F 

[fMj»5]_ i[0091 ] Other Ir polishing compositions (such as [-^Composition F[-]H) pursuant to the 
some embodiments of the present invention comprise the components of Composition C and a 

second abrasive as a suspension agent. In one such composition, a slurry suspension agent, 
Laponite (a product of Southwestern Clay Co. of Gonzales, [T-exas]!^) was used. Laponite is 
typically hydrous sodium lithium magnesium fluoro-silicate (Laponite B), hydrous sodium 
lithium magnesium silicate (Laponite D, RD, ED, HB, G, XLG), hydrous sodium lithium 
magnesium silicate modified with tetra sodium pyrophosphate (Laponite DS, RDS, XLS, S, JS, 
MS), or hydrous sodium lithium magnesium silicate treated to give a fluoride loading of 2000 
ppm (Laponite DF). Although any of the types of Laponite can be used with comparable results, 
Laponite B was used in the example described below. 

[jflflg6} 4[0092] One example of component concentrations for Composition F is shown in Table 

VI. 



[0093] Composition F Component Concentration 



[ Toblc VI: Typical Comnosition -Fl 
1 1 TARIFF VT Typical Composition F C omponent Component Concentration Periodic Acid 
1.1 prams, or 0.1 mol/1 kg PI Wa ter 76 grams Ammonium Hydroxide rNH.suh.4QIT> 
Titrate the ahove components with NH.suh.4QH to a nH of approximately 7 DT Water 8 
grams Laponite 0.5 grams (Second Ahrasive^ Alnha-Alumina Abrasive 12.5 grams, or 
ahont 7 wt V, rCR.^ (a) 16 wt */«\ (First Abrasive^ 



[Component] 


[Component Concentration] 


[Periodic Aciuj 


[4:.^ grams, or u. 1 raoi/-i Kgj 


[DI Water] 


[76 grams ] 


[Ammonium Hydroxide (NH4QH)] 


[Titrate the above components with 
NH4OH to a pH of approximately 7] 


[DI Water] 


[8 grams ] 


[Laponite] 
[(Second Abrasive)] 


[0.5 grams] 


[Alpha Alumina Abrasive (CR 30 @ 
16 wt %)] 
[(First Abrasive)] 


[12.5 grams, or about 2 wt %] 



JMMLPreparation 

[|M^7i ^[QQ95] i n one example, Composition F is prepared by combining an [-]HOxidizer 
Ap]H, described below, and an p]HAbrasive A[-]H, also described below. In the preparation of 
Oxidizer A, the periodic acid f H.suh. SIO.sub^ is added to a container of DI water (76 grams). 
This mixture is then titrated with pH-adjusting agent or titration agent NH i §ub i 40H to a final pH 
value of about 7. This resultant mixture is referred to herein as Oxidizer A. Abrasive A is 
prepared by adding the Laponite and the alumina abrasive to eight grams of DI water. Oxidizer 
A is added to Abrasive A to produce Composition F. Continuous stirring is maintained during at 
least the period of composition preparation. 



[0096] Composition G 

[{M58 H[00971 Other Ir polishing compositions (such as [^Composition Gp]H) pursuant to 
some embodiments of the present invention comprise the components of Composition C and a 
slurry suspension agent, such as the surfactant Darvan C. Darvan C is a commercial ammonium 
polymethacrylate aqueous solution sold by R. T. Vanderbilt Company, Inc. of Norwalk, 
[€T]£finn. 

[fM5*> H[0098] One example of component concentrations for Composition G is set forth in 
Table VII. 

[0099] Composition G Component Concentration 



[ Table VII; Typical Compo s itiop -Cl 
12TABLE VII Typical Compositio n O Component Component Concent ration Periodic 
Arid 2.3 frams. or 0.1 mol/1 kg DI Water 76 Prams Ammonium Hydroxide (NH.sub.40H) 
Titrate the a bove comnonents with NH.snh.4QH to a nH of approximately 7 PI Water 8 
prams Darvan C n.S Prams Alpha- Alumina Ahrasive 12.5 grams, or about 2 wt % (CR-30 

rff1n W t%UFirst Abrasive^ 





[Component Concentration] 


[Component] 






[2.3 grams, or 0.1 mol/1 kg] 


[Periodic Acid] 




[DI Water] 


[76 grams] 


[Ammoiiium Hydroxide (NH4QH)] 


[Titrate the above components with 
MBUOH to a pH of approximately 7] 


[DI Water] 


[8 grams] 


[Darvan C] 


[0.5 grams] 




[12.5 grams, or about 2 wt %] 


[Alpha Alumina Abrasive (CR 30 @ 
16 wt %)] 
[(First Abrasive)] 





iOlMLPreparation 

[f©060HIlLIJLLL In one example, Composition G is prepared by combining Oxidizer A and 
[~]HAbrasive B[-]", as described below. Oxidizer A is prepared as previously described in 
relation to Composition F. Abrasive B is prepared by adding the Darvan C and the alumina 
abrasive to eight grams of DI water. Oxidizer A is added to Abrasive B to produce Composition 
G. Continuous stirring is maintained during the composition preparation. 

[0102] Composition H 

[j0041f- }[OI03] other Ir polishing compositions (such as ["^Composition H[-]H) pursuant to 
some embodiments of the present invention comprise the components of Composition C and a 



second abrasive as a suspension agent. In some embodiments, the second abrasive is LUDOX 
TM-50. LUDOX TM-50 is a commercial colloidal silica abrasive of E. I. Du Pont de Nemours 
and Company, having advantageous properties in terms of particle size and contribution to 
composition suspension and stability. 



[ [0062] ] [0104] One example of component concentrations for Composition H is set forth in 
Table VIII. 



[0105] Composition H Component Concentration 

noble Villi Typical Composition H I 
ITT ABLE VTTI Typical Composition H Component Component Concentration Periodic 
Acid 2.3 grams, or 0.1 mol/1 kg DT W ater 76 Prams Ammonium Hydroxide rNH.suh.4Pm 
Titrate the ahove components with NH.suh.4QH to a nH of approximately 7 PI Water 8 
prams MIDOX TM-50 0. 5 grams TSecond Abrasive) Alpha-Alumina Abrasive 12.5 grams, 
nr aho..t 2 wt % (CR-30 (a) 16 wt (First Abrasive) 



[Component] 


[Component Concentration] 


[Periodic Acid] 


[2.3 grams, or 0,1 mol/1 kg] 


[DI Water] 


[76 grams ] 


[Ammonium Hydroxide (NHUQH)] 


[Titrate the above components with 
NH4OH to a pH of approximately 7] 


[DI Water] 


[8 grams ] 


[LUDOX TM 50] 
[(Second Abrasive)] 


[0.5 grams] 


[Alpha Alumina Abrasive (CR 30 @ 

16wt%)] 

[(First Abrasive)] 


[12.5 grams, or about 2 \vt %] 



[0106] P reparation 



[ [0061] 1 (01071 Generally. Composition H is prepared by combining Oxidizer A and 
[-]HAbrasive C[-]H, as described below. Oxidizer A is prepared as previously described. 
Abrasive C is prepared by adding the LUDOX TM-50 (the second abrasive) and the alumina 
abrasive (the first abrasive) to eight grams of DI water. Oxidizer A is added to Abrasive C to 
produce Composition H. Continuous stirring is maintained during at least the composition 
preparation. 

[01 OS] Composition I 

[|flQ64f-f [M091 Other Ir polishing compositions (such as [^Composition I [-]!) pursuant to 
some embodiments of the present invention comprise the components of Composition C and a 
slurry suspension agent. In some embodiments, the suspension agent is ethyl carbonate. One 
example of component concentrations for Composition I is set forth in Table IX. 

[01 10] Composition I Component Concentration 

[Tab le IX: Typical Compos itiefl41 
14TABTE IX Typical Composition 1 Component Component Concentration Periodic Acid 
2.3 prams, or 0.1 mol/1 kp DI Water 76 prams Ammonium Hydroxide fNH.sub.4Qm 
Titrate the above components with NH.suh.4QH to a nH of approximately 7 DI Water 8 
prams Ethv l Carbonate 0.5 prams Alpha- Alumina Abrasive 12.5 grams, or about 2 wt % 

fCR-30ffi16wt%^ 



[Component] 


[Component Concentration] 


[Periodic Acid] 


[2,3 grams, or 0,1 mol/1 kg] 


[DI Water] 


[76 grams ] 


[Ammonium Hydroxide (NH4QH)] 


[Titrate the above components with 
NH4OH to a pH of approximately 7] 




[DI Water] 


[8 grams ] 







[Ethyl Carbonate] 


[0:5 grams] 


[Alpha Alumina Abrasive (CR 30 @ 
16wt%)] 


[12.5 grams, or about 2 wt %] 



[01111 P reparation 

[{0065]- pil21 In one example, Composition I is prepared by combining Oxidizer A and 
[-]HAbrasive D[-]H, as described below. Ozidizer A is prepared as previously described. 
Abrasive D is prepared by adding the ethyl carbonate and the alumina abrasive to eight grams of 
DI water. Oxidizer A is added to Abrasive D to produce Composition I. Continuous stirring is 
maintained during the composition preparation. 

[0113] Composition J 

[f0Q46]- f[0114] Other Ir polishing compositions (such as ["^Composition J["]^) pursuant to 
some embodiments of the present invention comprise the components of Composition C and an 
organic acid as a suspension agent. In one embodiment, the organic acid is succinic acid. In 
other embodiments, alternative water soluble organic acids (e.g. mono-, di-, and tri-functional 
acids) can be used, as can other suspension agents or surfactants that act to suspend the abrasive. 
One example of component concentrations for Composition J is set forth in Table X. 

[0115] Composition J Component Concentration 



[T able X: Typical Composition J l 
1 STABLE X Typical Composition J Compon ent Component Concentration Periodic Acid 

2.3 grams, or 0.1 mol/1 kff DT W ater 76 prams Ammonium Hydroxide rNH.snh.40m 
Titrate the ahove components with NH.suh.4Q H to a pH of approximately 7 DI Water 7.5 
prams Succinic acid 1.0 grams Alpha-Alumina Ahrasive 12.5 grams, or about 2 vvt % fCR- 

30(g) 16 wt%) 



[Component] 


[Component Concentration] 


[Periodic Acid] 


[2.3 grams, or 0.1 mol/1 kg] 


[DI Water] 


[76 grams ] 


[Ammonium Hydroxide (NH4QH)] 


[Titrate the above components with 
NH4OH to apH of approximately 7] 


[DI Water] 


[7.5 grams ] 


[Succinic acid] 


[1.0 grams] 


[Alpha- Alumina Abrasive (CR 30 @ 
16 wt %)] 


[12.5 grams, or about 2 wt %] 



[0116] P reparation 

[ [0067] ] [0117] In one example, Composition J is prepared by combining Oxidizer A and 
[-]HAbrasive E[-]H. Oxidizer A is prepared as previously described. Abrasive E is prepared by 
adding the succinic acid (as an exemplary organic acid) and the alumina abrasive to 7.5 grams of 
DI water. Oxidizer A is added to Abrasive E to produce Composition J. Continuous stirring is 
maintained during the composition preparation. 

JlUJj^Composition K 



[fOMS Hf 0119 ! other Ir polishing compositions (such as [^Composition KP]H) pursuant to the 
present invention comprise the components of Composition C and a second abrasive as a 
suspension agent. In some embodiments, the second abrasive is an alumina abrasive in the form 
of [-]"CR-140[-]". Cr-140 is a commercial abrasive product manufactured by Baikowski 
Chimie Co. of Annacey Cedex 9, France, believed to comprise about 95% gamma-alumina and 
about 5% alpha-alumina. One example of component concentrations for Composition K is set 
forth in the Table XI. 



[0120) Composition K Component Concentration 

[Tgb je XI: Typical Compo sfikm-Kl 
16TABLE XI Typical Co m position K Component Component Concentration Periodic Acid 

2.3 prams, or 0.1 mol/1 k P OI Water 76 Prams Ammonium Hydroxide (NH.suh.40H) 
Titrate the above components with NH.suh.4 QH to a pH of approximately 7 PI water 3.5 
prams CR-140 (a) 20 wt % 5.0 grams (Second Ahrasive) Alpha-Alumina Ahrasive 12.5 
prams, or ahont 2 wt % (CR-30 (a) 16 w t %^ (First Ahrasive) 



[Component] 


[Component Concentration] 


[Periodic Acid] 


[2.3 grams, or 0. 1 mol/1 kg] 


[DI Water] 


[76 grams ] 


[Ammonium Hydroxide (NH 4 OH)] 


[Titrate the above components with 
NH4OH to a pH of approximately 7] 


[DI Water] 


[3.5 grams] 




[5.0' grams] 


[CR 140 @ 20 wt%] 
[(Second Abrasive)] 




[Alpha Alumina Abrasivo (CR 30 @ 
1 6 wt %) (First Abrasive)] 


[12:5. grams, or about 2 wt %] 



[0121] Preparation 



[fqQ6»[ 4[01221 in one example, Composition K is prepared by combining Oxidizer A (prepared 
as previously described) and [-]HAbrasive F[-]H. Abrasive F is prepared by adding CR-140 (the 
second abrasive) and CR-30 (the first abrasive) to 3.5 grams of DI water. Oxidizer A is added to 
Abrasive F to produce Composition K. Continuous stirring is maintained during the composition 
preparation. 

[{ttO3Q]- f[0123) P reparation conditions associated with Compositions F through K are set forth 
below in Table 1. 



[0124) Compositions F Through K Preparation Conditions 

[ Table 1 1 



[ Composition ] 



[W- 
Watcr ] 



[ Second ] 

1 1UI U5IT CJ 



[First] 
[ Abrasive 
1 



[Stir] 
[Time] 



[ Oxidizer ] 



[Stir] 

[Time] 



[ Composition 



[ Composition 
6] 



[ Composition 



[ 8 grams ] 



[ 0.5 grams 
Laponit e] 



grams, or 
about 2 wt 



[ 2 hours ] 



[ 79 grams 
of Oxidiz e r 
A] 



[8 grams] 



[0.5 grams 
Darvan C ] 



[«d§- 
grams, or 
about 2 wt 



[ 2 hours ] 



%L 



[79 grams 
of Oxidizer 
A] 



[ 0.5 gram s 
LUDOX 
TM-§0] 



grams, or 



[ 2 hours ] 



about 2 wt 



[ 79 grams 
of Oxidiz e r 
A] 



[>-30- 



[>-20- 



[?-3S- 

ffliik] 



[ Composition 
i] 



[8 grams ] 



[ 0.5 grams 
Carbonate ] 



[42r#- 

grams, or 
about 2 wt 



[ 2 hours ] 



[79 grams 
of Oxidiz e r 
A] 



[>-20- 

fililV:] 



[ Composition 



grams ] 



[1.0 grams 
Succinic 



[W- 

grams, or 
about 2 wt 



[ 2 hours ] 



_%L 



[79 grams 
of Oxidiz e r 
A] 



»fe] 



[Composition 



[3t5- 

grams ] 



[ 5 grams CR 
110(20% 



[43t§- 
grams, or 



[ 2 hours] 



[ 79 grams 
of Oxidizer 



[>-20- 



HJABLE 1 Second First Stir Stir Composition PI Water Abrasive Abrasive Time 
Oxidizer Time Composition F 8 Prams 0.5 grams 12.5 2 hours 79 grams >20 min. Lanonite 
grams, or of Oxidizer A about 2 wt % Composition G 8 grams 0.5 grams 12.5 2 hours 79 
grams >20 min. Darvan C grams, or of Oxidizer A about 2 wt % Composition H 8 grams 
0.5 grams 12.5 2 hours 79 grams >20 min. UIDOX grams, or of Oxidizer A TM-50 about 2 
wt % Composition T 8 grams 0.5 grams 12.5 2 h ours 79 grams >20 min. Ethvl grams, or of 
Oxidizer A Carbonate ab out 2 wt % Composition J 7.5 grams 1.0 grams 12.5 2 hours 79 
grams >20 min. Succinic acid grams, or of Oxidizer A about 2 wt % Composition K 3.5 
grams 5 prams CR- 12.5 2 hours 79 grams >20 min. 140 (20% wft grams, or of Oxidizer A 

about 2 wt % 

[fflfl?4-)- ff0125) Table 2 below sets forth the pH, settling time, Ir removal rate and InTEOS 
selectivity associated with Compositions F through K. As used herein, settling time refers to the 
time it takes for a homogenous slurry mixture to settle in an ambient environment so that a clear 
top layer is formed. In these examples, the unit of measure for settling time is millimeters of 

clear liquid (i.e., the depth of the clear top layer measured from the top of the original 
homogenous mixture) in a given unit of time. For instance, a settling time of 9 mm/ 10 min 
indicates that a 9 mm deep layer of clear liquid was formed after 10 minutes of standing in an 
ambient environment. Generally, a suitable slurry, such as any of the examples of Compositions 
F through K, should not settle in a relatively p]Hhard[-]H or packed manner such that the slurry 

can[-]lt be resuspended with minimal agitation. 



[jQQ?3}- }[01261 F or Ir polishing, Composition H is preferred in view of its favorable Ir removal 
rate of 240 A/min, and more particularly, its favorable 3.9:1 Ir:TEOS selectivity, which relatively 
high selectivity is believed to play an important role at the end of the polishing step. 



[0127) p H. Settling Time, Ir Removal Rate and Selectivity for Compositions F Through K 

[ Table 2 1 









[Ir Removal 


[Ir:TEOS 


[Composition] 


[Settling Time 




Selectivity] 


(mm/min)] 


Rate (A/min)] 




[Composition F] 


im 


[9 mm/10 min] 


[340] 




[Composition G] 


m) 


[9 mm/ 10 min] 


[340] 


&m 


[Composition H] 


p?i 


[9 mm/10 min] 


[240] 


&m 


[Composition I] 


im 


[9 mm/ 10 min] 


[340] 


[2^4] 


[Composition J] 


[^i 


[5 mm/2 hrs] 


[SO] 




[Composition K] 


im 


[10 mm/10 min] 


[230] 


[3^4] 



1 START JE 2 Settling Time Ir Removal Rate Ir:TFOS Composition nH fmm/min) (A/min) 
Selectivity Composition F 7.3 9 mm/10 min 240 2.7; 1 Composition C. 7.3 9 mm/10 min 340 
2.1:1 Composition H 7.3 9 m m/10 min 240 3.9: 1 Comnosition I 7.3 9 mm/10 min 350 2.3; 1 
Composition .T 6.7 5 mm/2 hrs 80 1:1.3 Composition K 6.9 10 mm/10 min 230 3.4; 1 

[{fl033f- [[0128] E ach of the CMP processes set forth in Table 2 above was carried out using an 
IPEC 576 polisher with a Thomas West XY pad and employing a down force pressure of 4 psi, a 
back pressure of 0 psi, a table or platen speed of 200 rpm, a carrier speed of 1 8 rpm, and a 



composition flow rate of 150 ml/min. Compositions F through K were stirred thoroughly before 

and during their use. 

[0129] I rO.sub.2 Polishing Compositions 

[0130] Composition L (for polishing Ir0 4 suh i 2) 

[fM34f- f[01311 Iridium oxide (IrOs&uh^) polishing compositions (such as [-^Composition 
L[-]H) pursuant to some embodiments of the present invention comprise an alumina (alpha-, 
gamma-, or both) abrasive, hydrazine hydrate nvJH.siih.7-NHp44].suh.2>H.suh.2QV and DI 
water. Hydrazine hydrate is believed to contribute to the polishing of the noble metal oxide. 
Further, it is believed that the caustic hydrazine hydrate may also serve as a reducing agent, 
although this effect may be slight or minimal. According to the present invention, an IrO^suh.2 
polishing composition should have a pH of from about pH 5 to about pH 10, perferably, from 
about pH 7 to about pH 9. An example of component concentrations for Composition L is set 

forth below in Table XII. 

[0132] Composition L Component Concentration 

ffabtell 9TABLE XII [H Typical Composition L Component Component Concentration 
Alpha-Alumina Ahrasive (CR-30^ 2 wt % Hydrazine hvdrate 0,1 mol/1 kg DT Water 
Remaining weight amount to obtain final desired amount of Composition L 

[ Component ] [ Component Concentration] 

[ Alpha Alumina Abrasiv <K€R- [ 2 wt % ] 

m 

[Hydrazine hydrate ] [0,1 mol/1 kg ] 

[DI Water] 1 [Regaining weight ainouilt to ~ 





obtain final desired amount of 




Composition L] 



[0133] pH Ranges 

[yM35f 4[0134) Composition L typically has pH level of pH 8 or greater, such as from about pH 
8 to about pH 10 and, advantageously, from about pH 9 to about pH 9.5. 



[ [0076] ] [0136] Generally. Composition L is prepared by adding the alumina abrasive (such as 
CR-30) to a container of DI water and subsequently adding the hydrazine hydrate. Composition 
L is typically continuously stirred within the container during at least the period of composition 
preparation. 

[0137] CMP Process 

[jflft7?]- ^0]38] A n example of the mixing ratio, process, pH and removal rate associated with 
Composition L is set forth below in Table L. 

[0139] M ixing Ratio, Process, pH and Removal Rate 



IftJJSLPreparation 



[ Table L I 



[ 2 wt % Alpha Alumina 
Abrasiv e] 



[ Mixing Ratio ] 



[1/0/50/51/150 



[Proce s s ] 



\9-m 



[p«] 



1.1 \Jr£ IVtlliuV u i 

Rote (A/min) ] 
[880] 



[ 0.1 mol/1 kg Hydrazine hydrat e] 



[ DI Wat e r ] 



20TABT,E L TrO.suh.2 Removal Rate Mixing Ratio Process nH (A/min) 2 wt % Alnha- 
Alumina Ahra sive 4/0/50/51/150 9-9.5 880 O.t mol/T kg Hvdra/ine hvdrate DT Water 



[{Ofl?S]- }[0140| I n the example set forth in Table L, the CMP process was carried out using an 
IPEC 472 polisher and employing a down force pressure of 4 psi, a back pressure of 0 psi, a table 
speed of 50 rpm, a carrier speed 5 1 rpm, and a composition flow rate of 1 50 ml/min. A stacked 
pad of IC- 1000 over a Suba IV was used as the polishing pad on the primary platen of the 
polisher, and a Polytex pad was used as buff pad on the secondary platen of the polisher. 
Composition L was stirred thoroughly before and during its use. 

[{M33f }[01411 When employed according to the process set forth in Table L, Composition L 
provided an IrO .suh. 2 removal rate of approximately 880 Angstroms per minute. 

[ |0080] ] [0142] A nother example of component concentrations for Composition L (denoted as 
[^Composition L(a)[-]H) is shown below in Table Xlla. 

[0143] Composition L(a) Component Concentration 

ffatetel 2 1 TABLE XIIafH Typical Composition L(a)_ (additional embodiments^ Component 
Component Concentration Alpha-Alumina A brasive fCR-3m 2 wt % Hydrazine hvdrate 
0.05 mol/kp DT Water Remaining weight amount to obtain final desired amount of 

Composition L 



[Component] 



[Alpha Alumina Abrasive (CR 



[ Hydrazine hydrat e] 



[ DI Water ] 



[Component Concentration] 



[ 2 wt %] 



[ 0.05 mol/kg ] 



[ Remaining w e ight amount to 
obtain final desir e d amount of 
Composition L ] 



[01441 p H Ranges 

[f(MHm-l f01451 The example of Table Xlla has a favorable pH value of about 9. 
[0146] CMP Process 

[{flfljqf- }[0147] A n example of the mixing ratio, process, pH and removal rate associated with 
Composition L(a) is set forth below in Table L(a). 



[0148] M ixing Ratio, Process, pH and Removal Rate 



TTable Ua)l 


[Mixing Ratio] 


[Process] 


[pH] 


IlIA^fi IXC II 11/ TUi 

i\uiv iniii f j 


[2 wt % Alpha Alumina 
Abrasive] 


[4/0/50/51/150] 


m 




[0.05 mol/1 kg Hydrazine 
hydrate] 








[DI Water] 









22TABLE Lftrt IrO.sub.2 Removal R ate Mixing Ratio Process pH (A/min^ 2 wt % Alnha- 
Ahimina Abrasive 4/0/50/51/150 9 740 0.05 mol/1 kg Hydrazine hvdrate DI Water 

[fttQ&3f }[0149] i n the example set forth in Table L(a), the CMP process was carried out using an 
IPEC 472 polisher and employing a down force pressure of 4 psi, a back pressure of 0 psi, a table 

speed of 50 rpm, a carrier speed of 5 1 rpm, and a composition flow rate of 1 50 ml/min. A 
stacked pad of IC- 1000 over a Suba IV was used as the polishing pad on the primary platen of the 
polisher, and a Polytex pad was used as buff pad on the secondary platen of the polisher. The 
above Composition L(a) was stirred thoroughly before and during its use. 

||flfl&4 ^[01501 when employed according to the process of Table L(a), Composition L(a) 
provided an IrO .suh.2 removal rate of approximately 740 Angstroms per minute. 

[0151] Composition M (for polishing MXsuh^) 

[fOOS5]- }[0152] Qther iridic ox id e (IrO.siib^) polishing compositions (such as 
["^Composition M[-]H) pursuant to some embodiments of the present invention are comprised 
of an alumina (alpha-, gamma, or both) abrasive, tetramethylammonium hydroxide (TMAH), and 
DI water. TMAH is believed to contribute to the polishing of the noble metal oxide. An example 
of component concentrations for Composition M is set forth below in Table XIII. 

[0153] Composition M Component Concentration 

ffftblel23TABLE XIII [H Typical Composition M Component Compon ent Concentration 
Alpha-Alumina Abrasive (CR-.Wfc 2 wt % Tetramethylammonium 0J mol/1 kg Hydroxide 
DI Water Remaining weight amount to ob tain final desired amount of Composition M 

[ Component ] [ Component Concentration ] 



[ Alpha Alumina Abrasive (CR [ 2 wt % ] 

[Tetramethylammonium [0.1 mdl/1 kg ] 
Hydroxid e] ; 



[ DI Wat e r ] 



[ R e maining weight amount to 
obtain final d e sir e d amount of 
Composition M ] 



[0154] pH Ranges 

[fOQ86 BUU£S] Composition M typically has a pH level of pH 8 or greater, such as in a range 
from about pH 9 to about pH 1 1 and, favorably, of about pH 10. 

[0156] Preparation 

[fqqS3f_ }[0157) Generally. Composition M is prepared by adding the alpha-alumina abrasive 
(CR-30) to a container of DI water and subsequently adding tetramethylammonium hydroxide 
(TMAH). Composition M is preferably continuously stirred within the container during at least 
the composition preparation. 

[0158] CMP Process 

[fflftft&j_ H01S91 A n example of the mixing ratio, process, pH and removal rate associated with 
Composition M is set forth below in Table M. For ^0,5^2 polishing, Composition M is 
preferred in view of its favorable IrO i &uh 1 2 removal rate of 635 A/min.[ [Bob: Please confirm 
thot you prefer Composition M at the higher removol rate (635 A/min, not Composition 
M(a) at the lower removal rote (320 A/min)). Your fir s t answer was M at 320, but the rate 
for M i s 635 (sec Table M). Your late s t answer was M(a) ot 635, but the rate for M(a) is 
320 (Sec Table Mftfl). I think what vou might mean i s M at 635, a s thot is the higher 
removal rote??? Or perhap s the table is incorrect? Plea s e clarify.] ] 

|0160| Mixing Ratio, Process, pH and Removal Rate 

[ Table M l 



[P*eeess] [pH] [trQ a Removal 

Roto (A/min)] 

[ 1/0/50/51/15 [4-0] 
0] 



24TABLE M TrOsuh.2 Removal Mixing Ratio Process pH Rate (\/m\n\ 2 wt % Alnha- 
Alumina Ab rasive 4/0/50/51/150 10 635 01 mol/kff Tetramethvlammonium Hydroxide PI 

Water 

[fflOSa4- }[0161] i n the example set forth in Table M, the CMP process was carried out using an 
IPEC 472 polisher and employing a down force pressure of 4 psi, a back pressure of 0 psi, a table 

speed of 50 rpm, a carrier speed of 51 rpm, and a composition flow rate of 150 ml/min. A 
stacked pad of IC- 1000 over a Suba IV was used as the polishing pad on the primary platen of the 
polisher, and a Polytex pad was used as buff pad on the secondary platen of the polisher. The 
Composition M of the example was stirred thoroughly before and during its use. 

[|QflQ4 ^[01621 When employed according to the above process, Composition M provided an 
IrO .sub. 2 removal rate of approximately 635 Angstroms per minute. 

[|MQ4|_ j[01631 A nother example of component concentrations for Composition M (denoted 
herein as [^Composition M(a)[-]^) is set forth below in Table Xllla. 

[0164] Composition M(a) Component Concentration 

ffabtel25TABLE XIIIah-1 Typical Composition M<Vl Component Component 
Concentration Alpha-A lumina Abrasive fCR-30^ 2 wt % Tetramethvlammonium 0.03 
mol/1 kff Hy droxide PI Water Remaining weight amount to obtain final desired amount of 

Composition M 



[ Mixing Ratio ] 

[ 2 wt % Alpha Alumina Abrasiv e] 
[ 0.1 mol/kg T e tramethyl ammonium 
Hydroxide ] 
[ DI Wat e r ] 



[Component] 


[Component Concentration] 


[Alpha Alumina Abrasive (CR 

m 


[2 wt %] 


[Tetramethylammonium 
Hydroxide] 


[0:03 mol/1 kg] 


[Dl Water] 


[Remaining weight amount to 
obtain final desired amount of 
Composition M] 



[01651 p H Ranges 



[{M93}- pi66] Composition M(a) has an advantageous pH range from about 9 to about 1 0. 



[0167] CMP Process 



[fOaQ3t- }[0168] A n example of the mixing ratio, process, pH and removal rate for Composition 
M(a) is set forth below in Table M(a). 



[0169] Mixing Ratio, Process and Removal Rate 

[ Table M(a) l 



[ Mixing Ratio ] [ft=oeess] [pH] [h=©2- 

Rcmoval Rate 
(A/min) ] 

[ 2 wt % Alpha Alumina Abraoive ] [1/0/50/51/15 [9— [530] , 

0] 40] 

[ 0.03 mol/lcg Tetramethylammonium 
Hydroxid e] : 

[ DI wat e r ] 



26TABLF Mf a^ TrQ2 Removal Mixing Ratio Process pH Rate f A/min) 2 wt % Alnha- 
himina Abrasiv e 4/0/50/51/ 9-10 320 I SO 0.03 mol/k f Tetramethylammonium Hydroxide 

PI water 



[jfl094f} [01701 I n the example set forth in Table M(a), the CMP process was carried out using 
an IPEC 472 polisher and employing a down force pressure of 4 psi, a back pressure of 0 psi, a 
table speed of 50 rpm, a carrier speed of 5 1 rpm, and a composition flow rate of 1 50 ml/min. A 
stacked pad of IC- 1000 over a Suba IV was used as the polishing pad on the primary platen of the 
polisher, and a Polytex pad was used as buff pad on the secondary platen of the polisher. The 
Composition M(a) of this example was stirred thoroughly before and during its use. 

[fflfl9S]- }[0t71] When employed according to the process of Table M(a), Composition M(a) 
provided an IrOi&iifc^ removal rate of approximately 320 Angstroms per minute. 

[0172] Platinum (Pt) Polishing Compositions 

[0173] Composition N 

[{OO96 H[0174] P latinum (Pt) polishing compositions (such as [-^Composition N[-]H) pursuant 
to some embodiments of the present invention comprise an alumina abrasive (alpha-, gamma-, or 
both), periodic acid f H.sub. 5IO .sub. 6V and DI water. Thus, Composition N is comprised of the 
same components as Composition A. An example of component concentrations for Composition 

N is set forth below in Table XIV. 

[0175] Composition N Component Concentration 

[TeMel27TABLE XIVfH Typical Composition N Component Component Concentration 
Alpha-Alumina Abrasive rCR-30^ 2 wt % Period ic Acid 0.1 mol/1 kg DI Water Remaining 
weight amou nt to obtain final desired amount of Composition N 



[ Component ] 



[ Component Concentration ] 



[ Alpha Alumina Abrasiv e (CR 

m — 



[ 2 wt % ] 



[ P e riodic Acid ] 



[ 0.1 mol/1 kg ] 



[ DI Water ] 



[Remaining w e ight amount to 
obtain final desired amount of 
Composition N] 



fOl 76) p H Ranges 

[fflfl»7)-) [0177] Composition N advantageously has a pH value of about 1 .6. 
IHIZSLPreparation 

[{M9&f- i[(n79] Generally. Composition N is prepared by adding water the alumina abrasive 
(such as CR-30) to a container of DI and subsequently adding the periodic acid 
r H.suh. 51Q .suh. 6Y Composition N is advantageously stirred continuously within the container 
during at least the period of composition preparation. 

[0180) CMP Process 

[ [0009) 1 [01 SI ) A n example of the mixing ratio, process, pH, removal rates and selectivity 
associated with Composition N is set forth in Table N. 

[0182) Mixing Ratio, Process, pH, Removal Rates, and Selectivity 



[ Table N l 



[ Mixing Ratio ] 



[ Process ] 




[p [ RcmovQ [ Rcmova [ Pt: BPSC 

H] I Rate I Rate Selectivity ] 

(A/min) (A/min) 

¥t] BPSG] 



[ 2 wt % Alpha Alumina 
Abrasiv e] 

[ 0.1 mol/1 kg Periodic Acid ] 



[ 2/200/18/150 ] [4t [454-] 
S] 



[m] M£] 



[ DI wat e r ] 



28TABLE N Removal Removal Rate Rate (A/min^ (A/miiri Pt:BPSC Mixing Ratio Process 
pH Pt BPSG S electivity 2 wt % Alpha- 2/200/1 8/150 1.6 131 180 1 -1.S Alumina Ahrasive 0.1 

mol/1 kg Periodic Acid DI water 

[ [00100] jJ M&UJn the example set forth in Table N, the CMP process was carried out using an 
IPEC 576 polisher with a Thomas West XY pad and employing a down force pressure of 2 psi, a 
table or platen speed of 200 rpm, a carrier speed of 1 8 rpm, and a composition flow rate of 1 50 
ml/min. Composition N was stirred thoroughly before and during its use. 

[ [00101] ] [0184] When employed according to the process of Table N, Composition N provides 
a Pt removal rate of 13 1 A/min and a Boron Phosphorous Silicate Glass (BPSG) removal rate of 
1 80 A/min, demonstrating a Pt:BPSG selectivity of 1 : 1 .5. 

|01S5LComposition O 

[ [00102] ]J fllg6LOther platinum polishing compositions (such as [-^Composition Op]H) 
pursuant to some embodiments of the present invention comprise an alumina (alpha-, gamma-, or 

both) abrasive, periodic acid (HLsuh i 5I0 4 suh i 6), ammonium chloride (NFL&uh^CI), and DI 
water. It is believed that the electrolyte, ammonium chloride, serves as a source of chloride ions 
that assist in metal etching. One example of component concentrations for Composition O is set 

forth below in Table XV. 

[0187] Composition O Component Concentration 

29 Component Component Concentration Alpha-Alumina Ahrasive fCR-30) 2 wt % 
Periodic Ac id 0.1 mol/1 kg Ammonium Chloride 0,1 mol/1 kg DI Water Remaining weight 
amount to ohtain final desired amount of Comnosition O 



[Component] 



[Alpha Alumina Abrasiv e (CR 

m 



[ P e riodic Acid ] 



[Ammonium Chloride ] 



[DI Water ] 



[ Component Concentration ] 



[2-wfJ&] 



[ 0.1 mol/1 kg ] 



[ 0.1 mol/1 kg ] 



[ R e maining weight amount to 
obtain final d e sired amount of 
Composition O ] 



[0188] p H Ranges 

[ [00103] [ [0189] Composition O typically has a pH range from about 1.2 to about 1.8 and a 
favorable pH value of about 1.6. 

4Q121U=Preparation 

[ [00104] ] [0191] Generally. Composition O is prepared by adding the alumina abrasive (such as 
CR-30) to a container of DI water, then adding the periodic acid (H^sukSIO^siih^), and then 
adding the ammonium chloride. Composition O is advantageously stirred continuously within 
the container during the composition preparation. 

[0192] CMP Process 

[ [00105] [ [0193] A n example of the mixing ratio, process, pH, removal rates and selectivity for 
Composition O is set forth below in Table O. 

[0194] Mixing Ratio, Process, pH, Removal Rates and Selectivity 

f Table O l 



[ Mixing Ratio ] 



[ 2 wt % Alpha Alumina 
Abrasiv e] 

[0.1 mol/lcg Periodic Acid ] 

[ 0.1 mol/lcg Ammonium 
Chloride ] 

[ DI Water ] 



[preeess] [ p [p*. [ Remove [Pt: BPSG 

«] Removal 1 Rote S e l e ctivity ] 

Rat e (A/min) 

(A/min) ] BPSG] 

[2/200/18/150 [4t [44*] [56] [8#] 
] 6] 



ROTABLE O Pt Removal Removal Rate Rate ( \lm\n\ Pt:BPSG Mh 
(A/min^ BPSG Selectivity 2 w t % Alpha- 2/200/1.6 443 56 8:1 Alumina Abrasive 18/150 0.1 
mnl/kP Perio dic Acid 01 mol/kp Ammonium Chloride Dl Water 

[ [00106] ] [0195] The CMP process of Table O for Composition O was carried out using an IPEC 
576 polisher with a Thomas West XY pad and employing a down force pressure of 2 psi, a table 
or platen speed of 200 rpm, a carrier speed of 18 rpm, and a composition flow rate of 150 
ml/min. Composition O was stirred thoroughly before and during its use. 

[ [00107] ] [0196] Composition O, when employed according to the process of Table O, 
Composition O provides a Pt removal rate of 443 A/min and a BPSG removal rate of 56 A/min, 

demonstrating a Pt:BPSG selectivity of 8 : 1 . 

[0197] Composition P 

[ [00108] ] [0198] Other platinum polishing compositions (such as [-^Composition P["]I1) 
pursuant to some embodiments of the present invention comprise an alumina (alpha-, gamma-, or 

both) abrasive, periodic acid f H.sub. 5IO.sub.6\ ammonium chloride (NH 1 guh i 4CI), and DI 
water. One example of component concentrations for Composition P is set forth below in Table 

XVI. 

[0199) Composition P Component Concentration 

[ Table XVI; Typical Comnositi en-Pl 
31 TABLE XVT Typical Composition P Component Comnonent Concentration Alpha- 
Alumina Abrasive (CR-*m 6 wt % Periodic Acid 0.1 mnl/1 kp Ammonium Chloride 0.1 wt 
% DT Water Remaining weight amount to ol 



[Component] 


[Component Concentration] 


[Alpha Alumina Abrasivo (CR 





3 031 


! . M ' : ::: : ■ 


[Periodic Acid] 


TO 1 mri1 7 1 1c rl 


[Ammonium Chloride] 


[0.1 wt%] 


[DI Water] 


[Remaining weight amount to 
obtain final desired amount of 


Composition P] 



[0200) p H Ranges 

[ [00109] 1 [02011 Composition P advantageously has a pH range from about 1 .5 to about 2. 
[0202] P reparation 

[ [00110[ l f02031 Generally. Composition P is prepared by adding the alumina abrasive (such as 
CR-30) to a container of DI water, then adding the periodic acid (H i suh i 5I0 4 suh t 6), and then 
adding the ammonium chloride (NH^&uMCI). Composition P is favorably continuously stirred 
within the container during at least the composition preparation. 

[02041 CMP Processes 

[ [00111] [ [02051 Several examples of the processes and removal rates for Composition P are set 
forth below in Table P. 

[0206] Processes and Removal Rates 

I Tablc P I 

I [ Proce s s ] [Pt Removal Rate (A/min)] 



[ 1/200/1 8 /70 ] 
[1/200/18/70] 
[ 6/200/18/70 ] 
[7/200/18/70] 



[230] 
[4W] 

r^oi 



32TABLE P Process Pt Removal Rate fA/min^ 

750 7/200/18/70 1.020 



>0 4/200/18/70 470 6/200/18/70 



[ [00112] ] [0207] The CMP processes set forth in Table P were carried out using an IPEC 576 
polisher with a Thomas West XY pad and employing a down force pressure of 2 psi, 4 psi, 6 psi 

and 7 psi, respectively. All processes further employed a table or platen speed of 200 rpm, a 
carrier speed of 1 8 rpm, and a composition flow rate of 70 ml/min. Composition P was stirred 

thoroughly before and during its use. 

[ [00111] I [0208] When employed according to the processes set forth in Table P, Composition 
provides Pt removal rates of 220 A/min, 470 A/min, 750 A/min, and 1,020 A/min, respectively. 

[0209] Composition Q 

[ [001 14] ] [0210) Other platinum polishing compositions (such as [-^Composition Q[-]H) 
pursuant to some embodiments of the present invention comprise an alumina abrasive (alpha-, 
gamma-, or both), ammonium chloride (NH 4 suh»4CI), and DI water. 

[0211] Composition Q Component Concentration 

ffftbtel33TABLE XVIIfi-1 Typical Composition O Component Component Concentration 
Alpha-Alumina Abrasiv e fCR-30^ 2 wt % Ammonium Chloride 0.1 mol/1 kg DI Water 
Remaining weigh t amount to obtain final desired amount of Composition O 



[ Component ] 



[Alpha Alumina Abrasiv e (CR- 

m : 



[ Ammonium Chlorid e] 



[ DI Wat e r ] 



[ Component Concentration ] 



[ 0.1 mol/1 kg ] 



[ Remaining weight amount to 
obtain final desir e d amount of 
Composition Q ] 



[0212] p H Ranges 

[ [00115] ] [0213] The present Composition Q advantageously has a general pH range from about 
5 to about 6 and a favorable pH of about 5.4. 

JDJLUJJPreparation 

[ [00116] | [021 51 Generally. Composition Q is prepared by adding the alumina abrasive (such as 
CR-30) to a container of DI water and then adding the ammonium chloride. Composition Q is 
typically stirred continuously within the container during the composition preparation. 

[0216] CMP Process 

[ [00117] ] [0217) A n example of the mixing ratio, process, pH, removal rates and selectivity 
associated with Composition Q is set forth below in Table Q. For Pt polishing, Composition Q is 
preferred in view of its favorable Pt removal rate of 1598 A/min and its favorable PtBPSG 
selectivity of 11:1. 

[02181 M ixing Ratio, Process, pH, Removal Rates and Selectivity 

[ Mixing Rati o] [P*eees»] [p [Pt- [Remev* [ Pt: BPSC 

H] Removal 1 Rate Selectivity ] 

Rate (A/min) 

(A/min) ] BPSGJ 

[ 2 wt % Alpha Alumina [ 2/0/200/18/15 [St [+598] [445] [4+4-] 

Abrasiv e] 0] 4] 

[ 0.1 mol/kg Ammonium 

Chloride ] ■ 
[DI Water] 



34TABLE Q Pt Removal Removal Rate Rate ( A/min^ PtrBPSG Mixing Ratio Process pH 
(A/m\rt BPSC Selectivity 2 wt % Alpha- 2/n/2nn/ 5,4 1598 145 11:1 Alumina Abrasive 
18/150 0.1 mol/kff Ammonium Chloride PI Water 

[ [00118] ] [0219] The CMP process set forth in Table Q was carried out using an IPEC 576 
polisher with a Thomas West XY pad and employing a down force pressure of 2 psi, a back 

pressure of 0 psi, a table or platen speed of 200 rpm, a carrier speed of 1 8 rpm, and a 
composition flow rate of 150 ml/min. Composition Q is advantageously stirred thoroughly 

before and during its use. 

[ [00119] ] [0220] When employed according to the process of Table Q, Composition Q provides 
a Pt removal rate of 1,598 A/min and a BPSG removal rate of 145 A/min, demonstrating a 

Pt:BPSG selectivity of approximately 11:1. 

[0221] Composition R 

[ [00120] ] [02221 Other Pt polishing compositions (such as [-^Composition R[-]H) pursuant to 
some embodiments of the present invention comprise an alumina (alpha-, gamma-, or both) 

abrasive, hydrochloric acid (HCI) and DI water. It is believed that the hydrochloric acid serves 
as a source of chloride ions that assist in the etching of metal. One example of component 
concentrations for Composition R is set forth below in Table XVIII. 

[0223] Composition R Component Concentration 

ffftbte]35TABLE XVIIIitJ Typical Composition R Component Component Concentration 
Alpha-Alumina Abrasiv e (CR-30^ 2 wt % Hydrochloric Acid 0.1 mol/kg DI Water 
Remaining weight amount to obtain final desired amount of Comnosition R 



[ Compon e nt ] 



[ Component Concentration ] 



[ Alpha Alumina Abrasiv e (CR 



[3^ 



[ Hydrochloric Acid ] 



[ 0.1 mol/kg ] 



[ DI Water ] 



[ Remaining weight amount to 
obtain final desired amount of 
Composition R] 



[0224] pH Ranges 



[ [00121] ] [0225] Composition R typically has a pH range from about 1.0 to about 2.0 and a 
favorable pH of about 1 .2. 



^fi22£LPreparation 



[ [00122] ]J Q22ZL Genera lty> Composition R is prepared by adding the alumina abrasive (CR-30) 
to a container of DI water and subsequently adding the hydrochloric acid. Composition R is 
favorably continuously stirred within the container during at least the composition preparation. 



Jfl22SLCMP Process 



[ [00123] ] [0229] An example of the mixing ratio, process, pH, removal rates and selectivity for 
Composition R is set forth below in Table R. 



[0230] M ixing Ratio, Process, pH, Removal Rates and Selectivity 

f Tablc R l 

MJABLE R Pt BPSG Removal Removal Rate Rate Pt:BPSG Mixing Ratio Process oH 
(A/m\ri (A/m\ri Selectivity 2 wt % Alpha- 2/0/200/18 1.2 334 26 13:1 Alumina Ahrasive 0.1 

mol/kg Hydrochloric Acid DT Water 

[ Mixing Ratio ] [Preee^] [pH] [ft- [BPSG- [Pt^-BPSG^ 

Removal Removal Selectivity 

Rate- Rate- ] 

(A/min) ] (A/min) ] 

[ 2 wt % Alpha Alumina [2/0/200/18] [«] [354] ]M\ [«r±] 
Abrasive] ' .;; t^§Mi'r '>%MmMMM 

[OA mol/kg Hydrochloric Acid] 
[ DI Water ] 



[02311 CMP Processes: 

[ [0012 4 ] 1 102321 The CMP process for Composition R of Table R was carried out using an IPEC 
576 polisher with a Thomas West XY pad and employing a down force pressure of 2 psi, a back 
pressure of 0 psi, a table or platen speed of 200 rpm, a carrier speed of 18 rpm, and a 
composition flow rate of 150 ml/min. Composition R was stirred thoroughly before and during 
its use. 

[ [001 25) | [023.11 When employed according to the process of Table R, Composition R provides a 
Pt removal rate of 334 A/[mw]mim and a BPSG removal rate of 26 A/min, demonstrating a 
Pt:BPSG selectivity of 13:1. 

[0234] Composition S 

[ [00126] ] [02351 Other Pt polishing compositions (such as [^Composition S[-]H) pursuant to 
some embodiments of the present invention comprise an alumina (alpha-, gamma-, or both) 
abrasive, hydrochloric acid (HC1), ammonium chloride (NH 1 fiub i 4CI), and DI water. One 
example of component concentrations for Composition S is set forth below in Table XIX. 

[0236] Composition S Component Concentration 

ffftbkl37TABLE XIX Typical Compositions Component Component Concentration Alnha- 
Alnmina Abrasive (CR-30^ 2 vvt % Hydrochloric acid 0.1 mol/1 kg Ammonium Chloride 
0 1 mol/1 kf m Water Remaining weight amount to obtain final desired amount of 
Composition S 



[ Component ] 



[ Alpha Alumina Abrasiv e (CR 



[Hydrochloric acid] 



[ Ammonium Chlorid e] 



[ DI Water ] 



[ Component Concentration ] 



[ 0:1 mol/1 kg ] 



[0.1 mol/1 kg ] 



[ Remaining w e ight amount to 
obtain final d e sired amount of 
Composition S ] 



[0237] p H Ranges 

[ [00127] ] [0238] Composition S typically has a pH range from about 1 to about 2 and, favorably, 
a pH of about 1 .4. 

Jfl222LPreparation 

[fOftmH [0240] Generally. Composition S is prepared by adding the alumina abrasive (such as 
CR-30) to a container of DI water, then adding the hydrochloric acid, and then adding the 
ammonium chloride rN H.sub. 4CD. Composition S is advantageously stirred continuously 
within the container during at least the composition preparation. 

[0241] CMP Process 

[ [00129] ] [0242] A n example of the mixing ratio, process, pH and removal rate for Composition 
S is set forth in Table S. 

[0243] Mixing Ratio, Process and Removal Rate 

f Tablc S I 



[Mixing Ratio] [Prceess] [pH] [Pt Removal 

" '-. Rate (A/min) ] 

[ 2 wt % Alpha Alumina Abrasive ] [ 1/0/200/1 8 /70 [h4] [UQ] 

[ 0.1 mol/1 kg Hydrochloric acid ] 

[ 0.1 mol/1 kg Ammonium Chloride] 

[DI Water] 



38TABI.E S Pt Removal Rate Mixing Ratio Process nH ( A/min) 2 wt % Alnha-Alumina 
Ahrasive 4/0/20.0/1 8/70 1. 4 310 0.1 mol/1 k ff Hydrochloric acid 0.1 mol/1 kg Ammonium 

Chloride PI Water 

[fflfl43flf- p244) The CMP process set forth in Table S was carried out using an IPEC 576 
polisher with a Thomas West XY pad and employing a down force pressure of 4 psi, a back 
pressure of 0 psi, a table or platen speed of 200 rpm, a carrier speed of 1 8 rpm, and a 
composition flow rate of 70 ml/min. Composition S was stirred thoroughly before and during its 

use. 



[ [00131] ) [0245] When employed according to the process set forth in Table S, Composition S 

provides a Pt removal rate of 3 10 A/min. 

JQZJfiLComposition T 

|fflfl4jte]- i[0247] other platinum polishing compositions (such as [-^Composition T[-]H) 
pursuant to some embodiments of the present invention comprise an alumina (alpha-, gamma-, or 
both) abrasive, hydroxylamine (HDA), and DI water. It is believed that the caustic HDA serves 
as a mild reducing agent. An example of component concentrations for Composition T is set 

forth below in Table XX. 

[0248] Composition T Component Concentration 

piMel39TABLE XXh-1 Typical Composition T Component Component Concentration 
Alpha-Alumina Ahras ive TCR-30) 2 wt % Hvdroxvlamine 0.1 mol/1 kg DT Water 
Remaining weight amount to ohtain final desired amount of Composition T 



[Component] 



[ Component Concentration ] 



[ Alpha Alumina Abrasiv e (CR 
^1 __ ^_ 



[2 wt % ] 



[ Hydroxylamin e ] 



[ 0.1 mol/1 kg ] 



] 



[Remaining weight amount to 
obtain final d e sired amount of 



Composition T] 

[02491 p H Ranges 

[ [OPT 33] ] [0250] Composition T typically has a pH range from about 8 to about 9 and 
advantageously a pH of about 8.5. 

[0251] P reparation 

[ [0013 4 ] I [0252] Generally. Composition T is prepared by adding the alumina abrasive (such as 
CR-30) to a container of DI water and then adding the hydroxylamine. Composition T is 
advantageously stirred continuously within the container during the composition preparation. 

[02531 CMP Process 

[ [00135] [ [0254] A n example of the mixing ratio, process, pH, removal rates and selectivity for 
Composition T is set forth below in Table T. 

[02551 M ixing Ratio, Process, pH, Removal Rates and Selectivity 

[ Tabl e T l 

[ Mixing Ra tio] [Process] [p [Remeva [Remeva [ Pt: BPSG 

H] 1 Rote I Rate Selectivity 

(A/min) (A/min) ] 

Pt] BPSG] 

[ 2 wt % Alpha Alumina [ 1/0/50/51/15 [309] [433] [4-3] 
Abrasive] 0] 5] ; 

[ 0.1 mol/lcg Hydroxylamin e] 

[ DI wat e r ] 



40TABLE T Removal Removal Rate Rate (A/min^ (A/miiri PtrBPSO Mixing Ratio Process 



pH Pt BPSG S electivity 2 wt % Alpha- 4/0/50/51/ 8.5 209 432 1 :2 Alumina Abrasive 150 0.1 

mol/kg Hydroxylamine PI water 



[ [00136] ] [0256] I n the example set forth in Table T, the CMP process was carried out using an 
IPEC 472 polisher and employing a down force pressure of 4 psi, a back pressure of 0 psi, a table 
speed of 50 rpm, a carrier speed 5 1 rpm, and a composition flow rate of 1 50 ml/min. An IC- 
1000 k-grooved pad was used as the polishing pad on the primary platen of the polisher, and a 
Polytex pad was used as buff pad on the secondary platen of the polisher. Composition T was 

stirred thoroughly before and during its use. 

[ [00137] ] [0257] When employed according to the process of Table T, Composition T provides a 
Pt removal rate of 209 A/min and a BPSG removal rate of 432 A/min, demonstrating a Pt:BPSG 

selectivity of 1:2. 



[02581 Composition U 

[ [00138] | [0259] Other preferred Platinum polishing compositions (such as ["^Composition 
U[-]H) pursuant to the present invention comprise an alumina abrasive (alpha-, gamma-, or both), 
hydroxylamine hydrochloride (NH^suh^OH H*HC1), and DI water. It is believed that the 
hydroxylamine hydrochloride serves as an oxidizing agent. One example of component 
concentrations for Composition U is set forth below in Table XXI. 

[0260] Composition U Component Concentration 

ffftktel41 TABLE XXI M Typical Composition I J Compone nt Component Concentration 
Alpha-Alumina Abrasive (CR-30^ 2 wt % NH.snh.2QH.HCl 0.1 mol/1 kg DI Water 
Remaining weight amount to ohtain final desired amount of Composition U 



[ Component ] 



[Alpha Alumina Abrasive (CR 



[DI Water] 



[ Component Concentration ] 



[0.1 mol/1 kg] 



[Remaining w e ight amount to 
obtain final desired amount of 
Composition U ] 



[0261] pH Ranges 

[ [00139] | [0262) Composition U typically has a pH range from about 3.5 to about 4.5 and 
favorably a pH of about 4. 



lQ2£U_Preparation 

[ [00140] ] [02641 Generally. Composition U is prepared by adding the alumina abrasive (such as 
CR-30) to a container of DI water and then adding the hydroxylamine hydrochloride 
(NH 4 suh i 20H[-] 4 HCl). Composition U is advantageously stirred continuously within the 
container during at least the composition preparation. 

Jfl26J]_CMP Process 

[ [001 4 1] [ [0266] A n example of the mixing ratio, process, removal rate and selectivity for 
Composition U is set forth in Table U below. 

[0267] M ixing Ratio, Process, pH, Removal Rates and Selectivity 

[ Tabic U l 

[ Mixing Ratio ] [Process] [p~ [Pt- [Remeva [ Pt: BPSG 

H] Removal IRatc Selectivity ] 

Rate- (A/min) 

(A/min) j BPSG] 

[2 wt% Alpha Alumina [ 2/0/200/1 8 /15 [4] [39*] [W] [Smi 
Abrasive ] 0] 

[ 0.1 mol/kg NHzOH-HCl ] 

[DI wat e r ] 



42TABLE II Pt Removal Removal Rate Rate (A/m\ri Pt:RPSG Mixing Ratio Process nH 
( A/min^ BPSG Selectivity 2 wt % Alpha- 2/0/200/18/ 4 393 70 5.6:1 Alumina Abrasive 150 

0.1 mol/kff NH.suh.2QH.HCl PI water 

[ [001 4 2 ] | [0268] The CMP process set forth in Table U was carried out using an IPEC 576 
polisher with a Thomas West XY pad and employing a down force pressure of 2 psi, a back 

pressure of 0 psi, a table or platen speed of 200 rpm, a carrier speed of 1 8 rpm, and a 
composition flow rate of 1 50 ml/min. Composition U is advantageously stirred thoroughly 

before and during its use. 

[ [001 4 3[ | [»269| When employed according to the process of Table U, Composition U provides 
a Pt removal rate of 393A/min and a BPSG removal rate of 70 A/min, demonstrating a Pt:BPSG 

selectivity of approximately 5.6: 1 . 

[ [001 44 ] | [0270] Those skilled in the art will appreciate that, given the present disclosure, 
modifications may be made to the invention without departing from the spirit of the inventive 
concept described herein. Therefore, it is not intended that the scope of the invention be limited 
to the specific embodiments illustrated and described. 

[ 



CLAIMS ] 



1 . A composition for polishing a substrate surface having at least one feature thereon 
comprising a noble metal, a noble metal alloy, a noble metal oxide, or any combination thereof, 
comprising: periodic acid and an abrasive in a combined amount sufficient to render the substrate 
surface substantially planar upon chemical-mechanical polishing thereof. 

2. The composition of claim 1 , wherein periodic acid is in an amount from about 0.05 to 
about 0.3 moles/kilogram. 

3. The composition of claim 1 , wherein periodic acid is in an amount from about 0.075 to 
about 0.175 moles/kilogram. 

4. The composition of claim 1, wherein the abrasive is in an amount from about 0.2 to about 
6 weight percent. 

5. The composition of claim 1 , wherein the abrasive is in an amount from about 0.2 to about 
4 weight percent. 

6. The composition of claim 1 , further comprising a pH-adjusting agent selected from a 
group consisting of a quaternary amine, an inorganic base, or any combination thereof. 

7. The composition of claim 6, wherein the pH-adjusting agent comprises an agent selected 
from a group consisting of tetramethylammonium hydroxide, ammonium hydroxide, potassium 
hydroxide, sodium hydroxide, or any combination thereof. 

8. The composition of claim 1, further comprising a pH-adjusting agent in an amount 
sufficient for a pH level of the composition to be in a range of from about pH 5 to about pH 10. 

9. The composition of claim 1, further comprising a pH-adjusting agent in an amount 
sufficient for a pH level of the composition to be in a range from about pH 1 to about pH 4. 

10. The composition of claim 1, further comprising a pH-adjusting agent in an amount 
sufficient for a pH level of the composition to be in a range from about pH 2 to about pH 3. 

1 1 . The composition of claim 1 , further comprising a suspension agent. 

12. The composition of claim 11, wherein the suspension agent comprises an agent is selected 
from a group consisting of an organic acid, a surfactant, another abrasive, and ethyl carbonate. 

13. The composition of claim 1, wherein the abrasive comprises an abrasive having a Mohs 
hardness number of greater than about 6.5. 



14. The composition of claim 1, wherein the abrasive comprises an abrasive selected from a 
group consisting of alumina, silica, zirconia, spinel, zirconium nitride, carbide, and any 
combination thereof. 

15. The composition of any of claims 1 through 1 1 , wherein the abrasive comprises alumina. 

16. The composition of any of claims 1 through 11, wherein the feature comprises a material 
selected from a group consisting of Ir, IrO a suh*2, Pt, and any combination thereof. 

17. The composition of claim 1, wherein said combined amount is sufficient to provide the 
substrate surface at a WWNU of less than about 12%. 

18. The composition of claim 1, wherein said combined amount is sufficient to provide the 
substrate surface at a WTWNU of less than about 5%. 

19. A composition for polishing a substrate surface having at least one feature thereon 
comprising a noble metal, a noble metal alloy, a noble metal oxide, or any combination thereof, 
comprising: periodic acid in an amount from about 0.05 to about 0.3 moles/kilogram; and an 
abrasive in an amount from about 0.2 to about 6 weight percent. 

20. The composition of claim 19, wherein the amount of periodic acid is from about 0.075 to 
about 0.175 moles/kilogram. 

21 . The composition of claim 19, wherein the amount of the abrasive is from about 0.2 to 
about 4 weight percent. 

22. The composition of claim 19, further comprising a pH-adjusting agent selected from a 
group consisting of a quaternary amine, an inorganic base, or any combination thereof. 

23. The composition of claim 22, wherein the pH-adjusting agent comprises an agent selected 
from a group consisting of tetramethylammonium hydroxide, ammonium hydroxide, potassium 
hydroxide, sodium hydroxide, or any combination thereof. 

24. The composition of claim 1 9, further comprising a pH-adjusting agent in an amount 
sufficient for a pH level of the composition to be in a range of from about pH 5 to about pH 10. 

25. The composition of claim 1 9, further comprising a pH-adjusting agent in an amount 
sufficient for a pH level of the composition to be in a range from about pH 1 to about pH 4. 

26. The composition of claim 19, further comprising a pH-adjusting agent in an amount 
sufficient for a pH level of the composition to be in a range from about pH 2 to about pH 3. 

27. The composition of claim 1 9, further comprising a suspension agent. 

28. The composition of claim 27, wherein the suspension agent comprises an agent selected 
from a group consisting of an organic acid, a surfactant, another abrasive, and ethyl carbonate. 



29. The composition of claim 19 5 wherein the abrasive comprises an abrasive having a Mohs 
hardness number of greater than about 6.5. 

30. The composition of claim 19, wherein the abrasive comprises an abrasive selected from a 
group consisting of alumina, silica, zirconia, spinel, zirconium nitride, carbide, and any 
combination thereof. 

3 1 . The composition of any of claims 19 through 27, wherein the abrasive comprises alumina. 

32. The composition of any of claims 19 through 27, wherein the feature comprises a material 
selected from a group consisting of Ir, IrO^&uh^, Pt, and any combination thereof. 

33. The composition of claim 19, wherein said composition is sufficient to render the 
substrate surface substantially planar upon chemical-mechanical polishing thereof. 

34. The composition of claim 19, wherein said composition is sufficient to provide the 
substrate surface at a WWNU of less than about 12% upon chemical-mechanical polishing 
thereof. 

35. The composition of claim 19, wherein said composition is sufficient to provide the 
substrate surface at a WTWNU of less than about 5% upon chemical-mechanical polishing 
thereof. 

36. A method of polishing a substrate surface having at least one feature thereon comprising a 
noble metal, a noble metal alloy, a noble metal oxide, or any combination thereof, comprising: 
providing a composition, the composition comprising periodic acid and an abrasive in a 
combined amount sufficient to render the substrate surface substantially planar upon chemical- 
mechanical polishing thereof; and chemical-mechanical polishing the substrate surface with the 
composition. 

37. The method of claim [36]3£u wherein periodic acid is in an amount from about 0.05 to 
about 0.3 moles/kilogram. 

pm-]38. The method of claim 36, wherein periodic acid is in an amount from about 0.075 to 
about 0.175 moles/kilogram. 

39. The method of claim 36, wherein the abrasive is in an amount from about 0.2 to about 6 
weight percent. 

40. The method of claim 36, wherein the abrasive is in an amount from about 0.2 to about 4 
weight percent. 

41 . The method of claim 36, wherein said providing comprises providing a composition that 
further comprises a pH-adjusting agent selected from a group consisting of a quaternary amine, 
an inorganic base, or any combination thereof. 



42. The method of claim 41, wherein the pH-adjusting agent comprises an agent selected from 
a group consisting of tetramethylammonium hydroxide, ammonium hydroxide, potassium 
hydroxide, sodium hydroxide, or any combination thereof 

43. The method of claim wherein said providing comprises providing a composition 
that further comprises a pH-adjusting agent in an amount sufficient for a pH level of the 
composition to be in a range of from about pH 5 to about pH 10. 

44. The method of claim 36, wherein said providing comprises providing a composition that 
further comprises a pH-adjusting agent in an amount sufficient for a pH level of the composition 
to be in a range from about pH 1 to about pH 4. 

45. The method of claim 36, wherein said providing comprises providing a composition that 
further comprises a pH-adjusting agent in an amount sufficient for a pH level of the composition 
to be in a range from about pH 2 to about pH 3. 

46. The method of claim 36, wherein said providing comprises providing a composition that 
further comprises a suspension agent. 

47. The method of claim 46, wherein the suspension agent comprises an agent selected from a 
group consisting of an organic acid, a surfactant, another abrasive, and ethyl carbonate. 

48. The method of claim 36, wherein the abrasive comprises an abrasive having a Mohs 
hardness number of greater than about 6.5. 

49. The method of claim 36, wherein the abrasive comprises an abrasive selected from a 
group consisting of alumina, silica, zirconia, spinel, zirconium nitride, carbide, and any 
combination thereof. 

50. The method of any of claims 36 through 46, wherein the abrasive comprises alumina. 

5 1 . The method of any of claims 36 through 46, wherein the feature comprises a material 
selected from a group consisting of Ir, IrOjiih^, Pt, and any combination thereof. 

52. The method of claim 36, wherein said chemical-mechanical polishing is sufficient to 
render the substrate surface substantially planar. 

53. The method of claim 36, wherein said chemical-mechanical polishing is sufficient to 
provide the substrate surface at a WWNU of less than about 12%. 

54. The method of claim 36, wherein said chemical-mechanical polishing is sufficient to 
provide the substrate surface at a WTWNU of less than about 5%. 

55. A method of polishing a substrate surface having at least one feature thereon comprising a 
noble metal, a noble metal alloy, a noble metal oxide, or any combination thereof, comprising: 
providing a composition, the composition comprising periodic acid in an amount from about 0.05 



to about 0.3 moles/kilogram and an abrasive in an amount from about 0.2 to about 6 weight 
percent; and chemical-mechanical polishing the substrate surface with the composition. 

56. The method of claim 55, wherein the amount of periodic acid is from about 0.075 to about 
0. 1 75 moles/kilogram. 

57. The method of claim 55, wherein the amount of abrasive is from about 0.2 to about 4 
weight percent. 

58. The method of claim 55, wherein said providing comprises providing a composition that 
further comprises a pH-adjusting agent selected from a group consisting of a quaternary amine, 
an inorganic base, or any combination thereof. 

59. The method of claim 58, wherein the pH-adjusting agent comprises an agent selected from 
a group consisting of tetramethylammonium hydroxide, ammonium hydroxide, potassium 
hydroxide, sodium hydroxide, or any combination thereof. 

60. The method of claim 55, wherein said providing comprises providing a composition that 
further comprises a pH-adjusting agent in an amount sufficient for a pH level of the composition 
to be in a range of from about pH 5 to about pH 10. 

61 . The method of claim 55, wherein said providing comprises providing a composition that 
further comprises a pH-adjusting agent in an amount sufficient for a pH level of the composition 
to be in a range from about pH 1 to about pH 4. 

62. The method of claim 55, wherein said providing comprises providing a composition that 
further comprises a pH-adjusting agent in an amount sufficient for a pH level of the composition 
to be in a range from about pH 2 to about pH 3. 

63. The method of claim 55, wherein said providing comprises providing a composition that 
further comprises a suspension agent. 

64. The method of claim 63, wherein the suspension agent comprises an agent selected from a 
group consisting of an organic acid, a surfactant, another abrasive, and ethyl carbonate. 

65. The method of claim 55, wherein the abrasive comprises an abrasive having a Mohs 
hardness number of greater than about 6.5. 

66. The method of claim 55, wherein the abrasive comprises an abrasive selected from a 
group consisting of alumina, silica, zirconia, spinel, zirconium nitride, carbide, and any 
combination thereof. 

67. The method of any of claims 55 through 63, wherein the abrasive comprises alumina. 

68. The method of any of claims 55 through 63, wherein the feature comprises a material 
selected from a group consisting of Ir, IrO^^l, Pt, and any combination thereof. 



69. The method of claim 55, wherein said chemical-mechanical polishing is sufficient to 
render the substrate surface substantially planar. 

70. The method of claim 55, wherein said chemical-mechanical polishing is sufficient to 
provide the substrate surface at a WWNU of less than about 12%. 

71. The method of claim 55, wherein said chemical-mechanical polishing is sufficient to 
provide the substrate surface at a WTWNU of less than about 5%. 

72. A substrate having a surface with at least one feature thereon comprising a noble metal, a 
noble metal alloy, a noble metal oxide, or any combination thereof, said substrate produced by 
the method of any one of claims 36 and 55. 

73. The substrate of claim 72, wherein the surface thereof is substantially planar. 

74. The substrate of claim 72, wherein the substrate surface has a WWNU of less than about 
12%. 

75. The substate of claim 72, wherein the surface thereof has a WTWNU of less than about 
5%. 

[ 



COMPOSITIONS FOR CHEMICAL MECHANICAL PLANARIZATION ] 
[ OF NOBLE METAL FEATURED SUBSTRATES, ASSOCIATED METHODS, AND 
SUBSTRATES PRODUCED BY SUCH METHODS ] 

[ Robert J. Small ] 
[ Zh o f o i J. Chen ] 

[ ABSTRACT OF THE DISCLOSURE ] 
Abstract 

[ [001 4 5] }A composition for chemical-mechanical planarization comprises periodic acid and an 
abrasive present in a combined amount sufficient to planarize a substrate surface having a feature 
thereon comprising a noble metal, noble metal alloy, noble metal oxide, or any combination 
thereof. In one embodiment, the periodic acid is present in an amount in a range of from about 
0.05 to about 0.3 moles/kilogram, and the abrasive is present in an amount in a range of from 
about 0.2 to about 6 weight percent. In another embodiment, the composition further comprises 
a pH-adjusting agent present in an amount sufficient to cause the pH of the composition to be in 
a range of from about pH 5 to about pH 10, or of from about pH 1 to about pH 4. A method for 
planarizing a substrate surface having a feature thereon comprising at least one noble 
metal, noble metal all ov. or noble metal oxide, or a combination thereof, comprises 
providing a composition or slurr y comprising periodic acid and an abrasive in a combined 
amount sufficient to planarize the substrate surface 1 and polish ing the surface with the 
slurry. A substrate pr oduced hv such a method is also provided. 

[ [001 4 6] A method for planarizing a substrate surface having a f e ature thereon compri s ing at 
l e a s t on e noble m e tal noble metal alloy, or nobl e metal oxide, or a combination th e r e of, 
comprises providing a composition or slurry comprising periodic acid and an abrasive in a 
combined amount sufficient to planarize the substrat e surfac e , and polishing the surfac e with th e 
slurry. ] [ A substrate produc e d by such a method is also provided. ] 



